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I e n te r e d  th e  V ic t o r ia  U n iv e r s ity  o f  M an ch ester  in  
O ctober 1945 and grad u ated  B .S c . w ith  F i r s t  C la ss  
Honours in  C hem istry in  January 1946. 1 th en  s t a r t e d  
R esea rch  work a t  M anchester U n iv e r s ity  under th e  
d i r e c t i o n  o f  D r. H .T.O penshaw, p ro ce ed in g  w ith  him  
to  S t.A n d rew s in  O ctober 1 946 . In  December 1947 1 was 
awarded th e  D egree o f  M aster o f  S c ie n c e  by th e  U n iv e r s ity  
o f  M a n ch ester .
The work d e s c r ib e d  in  th e  p r e s e n t  T h e s is  was c a r r ie d  
o u t a t  th e  U nited  C o l le g e ,  S t.A n d rew s, b etw een  January  
1947 and December 1948 .
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OOCUHHSITCE OF ASPIDOSPBRIygKS
A sp id osp erm in e i s  th e  p r in c ip a l  a lk a lo id  o f  th e  
hark o f  A spidosperm a Quebracho B lan co  and o f  th e  p la n t s  
V a l l e s ia  G lahra and V a l l e s i a  D ichotom a.
I t  was f i r s t  i s o l a t e d  i n  1878 a s  c o l o u r l e s s  
p rism s from  th e  Quebracho B lan co  bark  by Fraude ( 1 ) .
Soon a f te r w a r d s  l ie s s e  ( 4 ,6 )  c a r r ie d  ou t a  more th o ro u g h  
i n v e s t i g a t i o n  o f  th e  a lk a lo id s  p r e s e n t  i n  t h i s  bark  and , 
em p lo y in g  a s  d id  Fraude d i lu t e  s u lp h u r ic  a c id  a s  th e  
e x t r a c t in g  s o lv e n t ,  c la im e d  th e  i s o l a t i o n  o f  s i x  d i f f e r e n t  
th ou gh  c l o s e l y  r e la t e d  b a s e s :  o f  t h e s e  o n ly  t l ir e e  have
b een  foun d  i n  t h i s  b ark  by l a t e r  w o rk ers .
The t l ir e e  w e l l  e s t a b l i s h e d  c o n s t i t u e n t s  a re  
a sp id o  sp e r m in e , quebraoham ine, and q u e b r a ch in e ; th e  l a t t e r  
h as b een  shown a f t e r  a c e r t a in  amoimt o f  c o n tr o v e r s y  t o  be 
i d e n t i c a l  w ith  yoh im b in e ( 9 , 1 1 ,1 2 ,1 3 ,1 8 ,2 0 ) .  Of th e  o th e r  
th r e e  b a s e s  i s o l a t e d  by H e sse , h yp oq u eb rach in e was amorphous 
and a sp id o sa m in e  o f  d o u b tfu l c r y s t a l l i n i t y : a c c o r d in g  t o
Ewins (1 1 )  t h e s e  two w ere l i k e l y  t o  have b een  p r o d u c ts  o f  
th e  h y d r o ly s i s  o f  a sp id o sp e rm in e  by th e  d i l u t e  s u lp h u r ic  
a c id  u sed  i n  th e  e x t r a c t i o n ,  by t h a t  he presum ably  meant 
im pure sp ec im en s o f  d e a c e ty la s p id o s p e r m in e . The s i x t h  
c o n s t i t u e n t  i s o l a t e d  by H esse v/as th e  c r y s t a l l i n e  
a sp id o sp e r m a tin e  ( m .p . l6 2 ^ ) .
N ext t o  i n v e s t i g a t e  th e  bark  was Ewins (1 1 )  who,
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b e s id e s  i s o l a t i n g  th e  two a lk a lo id s  a sp id o sp e rm in e  and 
y o h im b in e , o b ta in e d  a b a se  m .p . 1 4 9 -1 5 0 ° , (p r o b a b ly  
c o r r e s p o n d in g  w ith  H e s s e ’ s  quebracham ine m .p .142^ ) and 
y e t  a n o th e r  m .p .1 7 6 -1 7 7 ° :  n e i t h e r  o f  th e  two l a t t e r  b a s e s
was a n a ly s e d .
F ie ld  (1 5 )  in v e s t ig a t e d  th e  c h e m ic a l p r o p e r t ie s  
o f  quebracham ine m .p .147^ i s o l a t e d  from  A spidosperm a  
Quebracho B lan co  b ark .
S e v e r a l  South  Am erican w ork ers a l s o  i n v e s t ig a t e d  
o th e r  r e la t e d  b a r k s . F i r s t ,  A spidosperm a Quebracho B lanco  
f .p e n d u la e  w h ich , b e s id e s  a sp id o sp e r m in e , y o h im b in e , and  
a sp id o sa m in e , was found to  c o n ta in  a b a se  w hich  was named 
a s p id o s p e r m ic in e  ( 2 3 ,2 8 ) .  S econ d , th e  bark  o f  A spidosperm a  
Q uirandy H a s s le r  w hich  y ie ld e d  a sp id o sp e r m in e , a sp id o sa m in e  
and th e  new b a s e s  h a s le r in e  m .p .237° and q u ir a n d in e  m .p .2 1 8 °  
( 2 4 ) .  T h ir d , A spidosperm a Quebracho p o ly n e u r o n  w h ich  was 
foun d  t o  c o n t a in  a sp id o  sp erm in e , q uebrach am in e, y o h im b in e , 
a s p id o s p e r m ic in e , and th e  amorphous a sp id o sa m in e  and 
liyp°q.^©t>rachine ( 2 7 ) .  F i n a l l y ,  th e  bark  o f  A spidosperm a  
a u s t r a l e ,  from  w hich  o n ly  a sp id o  sperm ine was i s o l a t e d  ( 8 ) .
I t  w i l l  be s e e n  t h a t  th e  p ic t u r e  p r e s e n te d  by th e  
above i n v e s t i g a t i o n s  i s  somewhat com plex and u n c e r t a in .  
T h in gs a re  c o m p lic a te d  s t i l l  fu r th e r  by th e  f a c t  t h a t  th e  
a c t u a l  t o t a l  a lk a lo id  c o n te n t  o f  A spidosperm a Quebracho 
B lanco  b a rk , and th e  p e r c e n ta g e  o f  pure a sp id o  sperm ine and
— 3 -
yohimlDine i s o l a b l e ,  v a ry  c o n s id e r a b ly  w ith  th e  so u rce  and  
age o f  th e  b a rk .
H esse  (6 )  s t a t e d  t h a t  on th e  a v er a g e  th e  a lk a lo id  
c o n te n t  i s  .3$^, bu t may v a ry  from  1 .4 ^  i n  th e  young b ark  t o  
i n  th e  o ld ,  and f u r th e r  th a t  w hereas s i x  a lk a lo id s  were  
i s o l a t e d  from  a  P i lc a o  sp ec im en , one from  an  unknown s o u r c e ,  
exam ined  by a n o th e r  w orked, v .B Îld in g en , y ie ld e d  o n ly  t h r e e .
In  one c a s e  H esse  ( 4 )  i s o l a t e d  .1 7 ^  a sp id o  sp erm in e and .2 8 ^  
y o h im b in e: compare t l i i s  w ith  th e  e x p e r ie n c e  o f  Ewins (1 1 )  who,
a lth o u g h  he i s o l a t e d  .0 6  t o  . 2^ @ o f  a sp id o sp e r m in e , n e v e r  
foun d  more th a n  t r a c e s  o f  y o h im b in e . S p ie g e l  (1 2 )  a l s o  
r e p o r te d  th e  f a i l u r e  t o  i s o l a t e  y o h im b in e .
The o th e r  p la n t  s p e c ie s  w h ich  y i e l d  a s p i  do sp erm in e  
a re  V a lle  s i a  G labra and V a lle  s i a  D ichotom a.
î / îa in in i ,  i n  1 9 0 4 , was th e  f i r s t  t o  i n v e s t i g a t e  
th e  a l k a l o i d s  o f  V. G la b ra , b u t d id  n o t su c c e e d  in  i s o l a t i n g  
a  hom ogeneous c r y s t a l l i n e  b a s e . îvîuch l a t e r ,  i n  193^>
Carcamo ( 2 5 ,2 9 )  s tu d ie d  th e  a U c a lo id s  o f  V .D ich otom a, and 
l ik e w is e  f a i l e d  to  i s o l a t e  c r u s t a l l i n e  m a t e r ia l .  I t  was 
S tu c k e r t  (4 1 )  who f i r s t  r e p o r te d  th e  p r e p a r a t io n  from  
V .G labra  e x t r a c t s  o f  a c r y s t a l l i n e  b a se  m .p . 1 8 4 -1 8 5 ^  w h ich  
he named v a l l e s i n e .  F u rth er  s tu d y  o f  th e  V. G labra a lk a lo id  
le d  Hartmann and S c h l i t t l e r  ( 3 1 ) ,  and D e u lo fe u  and co ­
w ork ers (3 3 )  in d e p e n d e n t ly  to  i d e n t i f y  i t  w ith  a sp id o sp e r m in e .  
The l a t t e r  in v e s t i g a t o r s  a l s o  i s o l a t e d  a sp id o sp e rm in e  from
V ,d ich otom a e x t r a c t s .  R e c e n t ly ,  S c h l i t t l e r  and R o tten h erg  
(3 9 )  have r e p o r te d  th e  i s o l a t i o n  o f  a  seco n d a ry  a lk a .lo id  
from  V .G lah ra  t o  w h ich  th e y  h a v e , r a th e r  u n f o r t u n a t e ly ,  
a s s ig n e d  th e  name v a l l e s i n e .
The a sp id o sp erm in e  c o n te n t  o f  V .G labra  and  
V .D ichotom a l e a v e s  seem s t o  be f a i r l y  c o n s ta n t  a t  .3  t o
. 4^ ( 3 1 , 3 2 ) .
a n a ly s e d :
The f o l lo w in g  Quebracho a lk a l o i d s  have b een
A sp id osp erm in e ( 2 ,6 ,1 1 ,3 1 ,3 2 )
Q uebrachine (Y ohim bine) C2%H26^3% (6 )
Quebracham ine ^ 9 ^ 2 6 ^ 2  (1 5 )
A sp id o sp erm a tin e  • ^22^28^2^2 (6 )
A sp idosam ine ( C22K28^2^2 * (^ )
( OgoHggOgNg * (28)
H ypoquebrachine ^21^26^2^2 * (^ )
A sp id o sp e rm ic in e  ^17^24^^* ^^2^ ( 2 3 ,2 7 )
The compounds marked w ith  an  a s t e r i s k  w@re 
a n a ly s e d  i n  th e  amorphous s t a t e .  The o r i g i n a l  p a p e rs  
d e s c r ib in g  th e  i s o l a t i o n  o f  a s p id o s p e r m ic in e  w ere n o t  
a v a i l a b l e ,  and no m en tio n  o f  th e  p h y s ic a l  p r o p e r t ie s  o f  
th e  a lk a lo id  i s  made in  th e  a b s t r a c t s .
THE PHARlIACOLOCrY OF ASPIDOSPSR?.!IIIIE ATO RBLATBD AltKALOIDS 
The pharm acology o f  a sp id o sp erm in e  and o f  th e
o t h e r  a l k a l o i d s  o f  th e  Quebracho bark h a s  b een  i n v e s t ig a t e d  
by s e v e r a l  w ork ers ( 6 , 7 , 1 0 , 1 3 , 2 1 , 2 2 , 2 6 , 3 0 , 3 4 ) .  T hese  
a l k a l o i d s  have l i t t l e  or  no th e r a p e u t ic  v a lu e ,  a lth o u g h  
Q uebracho B la n co  e x t r a c t  h a s  b een  u sed  by n a t iv e s  i n  South  
A m erica a s  a  f e b r i f u g e  ( 1 ) .  Very r e c e n t  work ( 3 6 ) h a s  
shown v a r io u s  A sp idosperm a Quebracho e x t r a c t s ,  w h ich  s t i l l  
a re  p o p u la r  B r a z i l ia n  re m ed ies  a g a in s t  m a la r ia , t o  be 
i n e f f e c t i v e  a g a in s t  Plasm odium  cathem erium  and H aem oproteus 
colum bae : t h i s  i s  t o  be b a la n c e d  a g a in s t  th e  work o f
D om inguez (2 3 )  who h a s  fou n d  a  dry a l c o h o l i c  e x t r a c t  o f  
th e  s u b - s p e c ie s  F .p e n d u la e  o f  A spidosperm a Quebracho B lanco  
t o  iiave a  c u r a t iv e  e f f e c t  on m a la r ia ,  and th o s e  o f  F lo r ia n i  
( 2 7 ) who s t a t e s  t i ia t  th e  Quebracho a lk a lo id s  a re  o f  v a lu e  
i n  th e  tr e a tm e n t  o f  m a la r ia .  F lo r ia n i  f io r th e r  c la im s  
a sp id o sp e r m in e  t o  h a v e  an  e m e tic  and an a n t ith e r m ic  a c t io n .
H .L e t t r é  (4 2 )  i n v e s t ig a t e d  th e  a n t im i t o t i c  
a c t i v i t y  o f  a sp id o sp e rm in e  and found  thaü  th e  a lk a lo id  
lia s  a  d i s t i n c t  in h i b i t o r y  e f f e c t  on grow th and m i t o t i s  o f  
c i i ic k e n  h e a r t  f i b r o b l a s t s ,  w h ich  i s ,  h ow ever , much w eaker  
th a n  t h a t  o f  c o l c h i c i n e .
THE CHSMSTHY OF ASPIDOSPSkl^IBE Al^D ITS DBHIVATIVES
The f o l lo w in g  s e c t i o n  i s  an a tte m p t t o  b r in g  ou t  
a l l  th e  p u b lis h e d  know ledge on th e  c h e m is tr y  o f  th e  a lk a lo id  
and I t s  d e r i v a t i v e s :  su ch  a  s e c t io n  must form  one o f  th e
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fo u n d a t io n s  on w hich  a d is c u s s io n  on a p o s s ib le  s t r u c t u r e  can  
d e v e lo p . The secon d ary  a lk a lo id  v a l l e s i n e  i s  h ere  in c lu d ed  
b ec a u se  o f  i t s  v e r y  p rob ab le  c lo s e  r e la t io n s h ip  w ith  a sp id o :
: sp er m in e#
A sp id o sp erm in e . The p r o p e r t ie s  o f  a sp id o sp erm in e  have been
in v e s t ig a t e d  b y  Fraude ( 1 , 2 ) ,  H esse ( 6 ) ,  Ewins ( 1 1 ) ,  Hartmann
and S c h l i t t l e r  ( 3 1 ) ,  S c h l i t t l e r  and R o tten h erg  ( 3 9 ) ,  Raymond-
liamet ( 3 3 ) ,  and W itkop ( 4 2 ) .  The f i r s t  two in v e s t ig a t o r s
l im i t e d  th e m se lv e s  to  s o l u b i l i t i e s ,  c o lo u r  r e a c t io n s ,  a ttem p ts
t o  p rep a re  c r y s t a l l i n e  s a l t s ,  and a n a ly s e s .
The a lk a lo id  i s  f a i r l y  r e a d i ly  s o lu b le  in  m ost
o r g a n ic  s o l v e n t s ,  b u t v e r y  s p a r in g ly  so  in  w a ter : F ra u d e' s
e s t im a t e s  a t  1 4 °  are 1 in  48 in  e th a n o l ,  1 in  106 in  e t h e r ,  and
1 in  6000 in  w a te r . I t  s e p a r a te s  from  e th a n o l or l i g h t
p etro leu m  a s  c o lo u r le s s  p o in ted  p rism s or n e e d le s  m .p .205-206*^
u n c o r r . ( 6 ) ,  m .p . 203° G o r r . ( l l ) .
I t  i s  v e r y  s t a b l e ,  and may be exp osed  to  s u n l ig h t
f o r  a month w ith o u t  d eco m p o sitio n  (6 ) ;  i t  d i s t i l s  unchanged a t
ab ou t 2 0 0 ° /1  mm. and su b lim es  a t  1 8 0 ® /l mm.( 1 1 ) .
I t  i s  la e v o r o ta to r y ,  w ith  o f  - 1 0 0 .2 ^ ( 6 ) ,  - 9 9 ° ( l l )
i l l  e t h a n o l .  I t s  u l t r a - v i o l e t  a b so r p tio n  spectrum  in  e th a n o l
has b een  m easured: Raymond-Samet (38) found A 2 5 6 (6  1 6 ,0 0 0 )
max.
288 (6  3 ,2 0 0 ) ,  and 279 mu ( t  3 ,2 0 0 ) ;  IVitkop (4 2 ) found A
' max.
257 (6  7 ,9 5 0 )  and 286 inyu(£ 2 5 1 0 ) .
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A sp id osp erm in e d i s s o l v e s  in  d i l u t e  aqueous a c id s  
and i s  r e p r e c ip i t a t e d  unchanged by a l k a l i s  and, a cc o rd in g  to  
l i e s s e ,  even  by sodium  b ic a r b o n a te ;  i t s  a lc o h o l ic  s o lu t io n  
has b een  s t a t e d  to  be n e u tr a l  t o  litm u s  ( 6 ) ;  a l l  a tte m p ts  to  
form  c r y s t a l l i n e  s a l t s  have f a i l e d :  th e  a lk a lo id  has th u s
b een  s t a t e d  t c  be a v e r y  weak b a se  (6 ,1 1 ,3 1 )*
The su lp h a te  h as b een  o b ta in ed  as a hard t r a n s :
: p a ren t r e s i n ,  2 3 * 1 ^ 8 0 ^ (2 ), a s ha-re th e  h y d r o c h lo r id e ,  
c i t r a t e ,  and o x a la t e :  th o s e  s a l t s  a l l  are ex tre m e ly  s o lu b le
in  w ater*  The amorphous p a le  y e l lo w  c h lo r o p la t in a te  h as been  
a n a ly se d  (6 ) and found to  have th e  co m p o sit io n  2B .Î^PtC lg.4H gO . 
Amorphous p r e c i p i t a t e s  are a ls o  formed when a d i l u t e  a c id  
s o lu t io n  o f  th e  a lk a lo id  i s  t r e a te d  w ith  KgCrO^, ECIO^, Kghjgl^, 
KCÎTS, K Ig , p i c r i c  a c id  ( 2 ) ,  H gC lg, p h o sp h o tu n g stIc  a c id  ( l ) ,  
and t r i c h l o r a c e t i c  a c id  (19)*
A sp idosperm ine d oes n o t g iv e  a c o lo u r  w ith  F e C lg (6 ) ; 
a red  c o lo u r  d e v e lo p s  when i t  i s  h ea ted  w ith  p e r c h lo r ic  a c id  
( 6 ,1 1 )  o r  w ith  le a d  p e r o x id e  o r  io d ic  anhydride in  c o n c e n tr a te d  
1^ 30^ (2)*  E v a p o ra tin g  an a lc o h o l i c  s o lu t io n  o f  a sp id o sp erm in e  
and v a n i l l i n  w ith  a few  d rop s o f  *5N on th e  steam  b ath
r e s u l t s  in  th e  fo rm a tio n  o f  a v i o l e t  c o lo u r ;  a s im i la r  c o lo u r  
r e a c t io n  i s  g iv e n  by many o th e r  a lk a lo id s ,  such  a s  m orphine, 
q u in in e ,  and n a r c o t in e  ( 1 7 ) .
A s o lu t io n  o f  th e  c h lo r o p la t in a te  decom poses on 
s ta n d in g , y i e l d i n g  a b lu e  p r e c ip i t a t e  (6)* A su sp e n s io n  o f
-  8 -
th e  a lk a lo id  in  w a ter  when tr e a te d  w ith  c h lo r in e  o r  brom ine 
g iv e s  a w h ite  f lo c o u le n t  p r e c ip i t a t e  w h ich  i s  no lo n g e r  s o lu b le  
in  HCl ( 2 ) .
A sp idosperm ine d i s s o lv e s  in  c o n c e n tr a te d  t o  g iv e
a c o l o u r le s s  s o lu t io n  from  w hich  i t  may be reco v ero d  unchanged  
ev en  a f t e r  p ro lon ged  k eep in g  ( 1 1 ) .  F u s io n  w ith  p o ta sh  r e s u l t s  
in  th e  fo rm a tio n  o f  vap ou rs hei-ving a p y r id in e  or  q u in o lin e  
l ik o  occu r ( I ) *  Z inc d u st  d i s t i l l a t i o n  r e s u l t e d  in  ôOÿ 
r e c o v e r y , and v/es n o t fu r th e r  in v e s t ig a t e d  (42)$  Seo hov/ever 
under d e a c e ty la s p id o s p e r m in e .
As h as a lr e a d y  b een  s t a t e d ,  a sp id o sp erm in e  h as th e  
m o lec u la r  foim iula ^2 2 ^ ^ ^ 2^ 2*  m o lec u la r  7 /e ig h t d eterm in ed
b y  B a r g e r 's  m ic r o sc o p ic  method i s  found to  be 408 (C a lc u la te d  
f o r  th e  Cgg fo im iula: 3 5 6 ) .  The a lk a lo id  has been  found t o  
c o n ta in  one raethoxyl group but no N -a lk y l  g ro u p . H y d r o ly s is  
w ith  d i l u t e  1131 y i e l d s  a c i y s t a l l i n e  b a s e ,  w h ich
c o n ta in s  a se o o n d a iy  n i t r o g e n .  S in c e  t h i s  new b a se  i s  
r e c o n v e r te d  t o  asp id osp erm in e  by a c é t y l a t i o n ,  i t  has b een  
named d e a c e ty lo sp id o sp e r m in e  ( 1 1 ) ,
B o i l in g  î î l , d l . 7 ,  y i e l d s  a b a se  C^gHggONg named 
a s p id o s i i i e ,  w h ich  i s  form ed by d e a c e t y la t io n  and d é m é th y la t io n  
(11) .
A sp idosperm ine d o es  n o t appear to  r e a c t  w ith  m ethyl 
io d id e  e x c e p t  a f t e r  p ro lon ged  h e a t in g  a t  100®, and th e n  y i e ld s  
a m ix tu re  o f  p ro d u cts  (11 ) from  v/hich no c r y s t a l l i n e  m a te r ia l
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co u ld  be i s o l a t e d  ( 3 1 ) .
Tbe p a ssa g e  o f  an e x c e s s  o f  4^ ozone in to  a s o lu t io n  
o f  a sp id o sp erm in e  in  a  ^ ; 1 m ix tu re  c f  ACOH and HgO r e s u l t s  in  
tb e  fo r m a tio n  o f  16^ o f  a sp id o sp erm in e  N -o x ld e , and in  th e  
r e c o v e r y  o f  60% o f  unchanged a lk a lo id .  A sp idosperm ine  
K -o x id e , C H _0 c r y s t a l l i s e s  from  e th a n o l in  f i n e  n e e d le s  
m .p .183® . The compound i s  u n u su a lly  s t a b le  f o r  an amine 
o x id e ,  f o r  i t  i s  n o t  reduced  by aqueous 80^ and su b lim e s  
unchanged in  a h ig h  vacuum a t  150®. One p e c u l ia r  p r o p e r ty  
i s  t h a t  i t  i s  n o t  p r e c ip i t a t e d  by e x c e s s  aqueous ammonia from  
a s o lu t io n  o f  i t s  s a l t :  a sp id o sp erm in e  i t s e l f  i s  o f  c o u r se
p r e c ip i t a t e d  under t h e s e  c o n d it io n s .  A sp idosnerm lne N -o x id e  
decom poses sm o o th ly  a t  ^ 4 0 ® /.5  MÎ. t o  y i e ld  pure a sp id o sp e rm in e , 
and i s  h y d r o ly se d  by b o i l i n g  10^ HCl t o  d e a c e ty la sp id o sp e r m in e  
N -o x id e , m .p . 165®, s i n t . 148®.. ( 4 2 ) .
A sp idosperm ine i s  o x id is e d  by CrO,^  in  b o i l i n g  d i l u t e  
P^SO^, y i e ld i n g  a c r y s t a l l i n e  b a se  m .p .192-193®  in  about 5% 
y ie ld *  th e  co r resp o n d in g  h y d r o c h lo r id e  a n a ly s e s  a s  
Ci~H2^0gN2.HCl ( 1 1 ) .  T h is  o x id a t io n  p rod u ct g iv e s  none o f  
thG c o lo u r  r e a c t io n s  c h a r a c t e r i s t i c  o f  th e  a lk a lo id  and i t s  
d o a o o ty l  d e r iv a t I v a .
D eacety la s p id o s p e r m in e . T h is b a s e , r e a d i l y
s o lu b le  in  m ost o r g a n ic  s o lv e n t s  end c r y s t a l l i s e s  from  aqueous 
a c e to n e  as lo n g  p r ism a t ic  n e e d le s  m .p .110-111® . I t  d i s t i l s  
unchanged a t  about 2 1 0 ® /l mm. I t  d i s s o l v e s  in  c o n c e n tr a te d .
— 1 0  —
H2S0^ t o  g iv o  a  c o l o u r l e s s  s o l u t i o n  v/iiich  bcoom os v i o l e t  on  
th e  a d d it io n  o f  IIFO  ^ or  deep  b ro w n ish  p u r p le  on th e  a d d i t io n  
o f  CrO^. f e r r i c  c h lo r id e  g iv e s  a m g e n t a  c o lo u r ,  m ercu r ic  
a c e t a t e  a r o s e  red  c o lo u r  w hich  s lo w ly  ch a n g es t o  v i o l e t .
The b a se  i s  f e e b ly  d e x t r o r o t a t o r y  w ith  W j) + 2 .8  i n  e th a n o l(H ) .
The u l t r a  v i o l e t  a b s o r p t io n  sp ec tru m , a s  m easured  
by Raymond-Ilamet (3 3 )  show s two maxiiaa: ^ m a x . 5 , 6 0 0 ) ,
291 mu ( 6 2 ,2 5 0 ) .
D e a c e ty la sp id o s p e r m in e  form s a c r y s t a l l i n e  d i :  
ih y d r io d id e  v /h ich  i s  ver^r s p a r in g ly  s o lu b le  i n  c o ld  w a ter  and  
w hich  s e p a r a te s  from  h o t d i l u t e  aq ueous III a s  s t o u t  p r ism s  
m .p .2 4 3 ° , Sint.2 3 5 ° ;  th e  HCl and HBr s a l t s  a r e  v e r y  s o lu b le  
in  w a ter  and liave n o t y e t  b een  o b ta in e d  i n  c r y s t a l l i n e  form .
The b a se  i s  c o n v e r te d  e i t h e r  by b e n z o y l c h lo r id e  i n  
p y r id in e  or  by h e a t in g  w ith  b e n z o ic  a n h y d rid e  t o  b e n z o y l:
:d e a c e ty lo s p id o s p e r m in e , w hich  c r y s t a l l i s e s  from  d i lu t e  
a lc o h o l  a s  s t o u t  rhombs m .p .1 8 6 -1 8 7 ° (1 1 )*  Form ic a c id  i n  
a c e t i c  an liyd rid e  c o n v e r t s  th e  b a se  t o  fo r m y ld e a c e ty la s p id o  : 
sp erM n e  w hich  c r y s t a l l i s e s  from  e t h e r  a s  lo n g  ro d s  m .p . 1 5 1 -  
152^ : t h i s  compound f orras a h y d r o c i i lo r id e ,
w hich  ci^^st a l i i  SOS from  Me OHr-Me gCO a s  n e e d le s  m. p . 2 5 5 -2 7 0 °  ( 39 ) .
M ethyl io d id e  r e a c t s  v e r y  r e a d i ly  w ith  d o a c e t y la :
: sp id o sp erm in e  a t  room tem p era tu re  t o  g iv e  a c r y s t a l l i n e  m oth: 
: io d id e ,  w h ich  s e p a r a te s  from  m eth a n o l a s  o c t a l e dra m .p .1 7 6 -  
177®: t o  t h i s  compound Ewins a ssig n ed  tiB formula 02^^1122011^1 as
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th e  r e s u l t  o f  an io d in e  e s t im a t io n  (XI /*
D eacecyX asp id osp erm in e r e a c t s  w ith  a s o lu t io n  o f  
sodium  n i t r i c e  ijx aqueous a c e t i c  a c id  to  y ie ld  a o y s ta lX in e  
’’n itr o n itr o s o ^ ' d e r i v a t iv e  s e ç a r a t f is  from
d i l u t e  a c e to n e  a s  p a le  yeXlov/ p rism s m e lt in g  and decom posing  
a t  Xi35-15G^* T h is  compound i s  con verted  Tiy b o i l i n g  IH d l . 7  
to  a s p id o s in e ;  i t s  aqueous s o lu t io n  r e a c t s  f a i n t l y  u o id  and 
d o es n o t g iv e  a c o lc u i  w ith  F eC l^ , ifcuem pts to  i s o l a t e  a  
co r re sp o n d in g  n itr o d e a c e ty la s p id o s p e n n in e  w ere u n s u c c e s s f u l ! 11)  
The z in c  d u st  d i s t i l l a u i o n  o f  d e a c e ty la s p id o :
: sp erm in e h y d r o c h lo r id e  has le d  to  th e  i s o l a t i o n  o f  a b a s e ,  
i d e n t i f i e d  a s J5,5 -  d i e t h y l  p y r id in e ;  th e  n e u tr a l  f r a c t io n  
y ie ld e d  a s c a r l e t  in d o le  p ic r a t e  m .p .156 s in t.1 4 8 * ^ , to  w hich  
a p ro b a b le  form u la  has been  g iv e n  ( 4 2 ) .
i is p id o s in e  ( 1 1 ) .  T h is b a s e , c r y s t a l l i s e s  from
a lc o h o l  o r  x y le n e  a s p rism s or  p la t e s  m .p .244-245®  s i n t  236®.
I t  i s  la e v o r o t a to r y ,  and has [o(]^-16® in  e t h a n o l .  I t s  
s o lu t io n s  in  o r g a n ic  s o lv e n t s  become co lo u red  on s ta n d in g ,  
and t h e  b a se  i t s e l f  was in v a r ia b ly  s l i g h t l y  c o lo u r e d . I t  
d i s s o l v e s  s lo w ly  in  a l k a l i  to  g iv e  a g r e e n is h  b lu e  s o lu t io n ,  
and form s a rûonohydrio d id e  c r y s t a l l i s i n g  a s  o c ta lie d r a  or  
cub G 3 m .p . above 26X)^.
A sp id o s in e  g îv e s  v er y  in te n s e  c o lo u r  r e a c t io n s :  
amongst o t h e r s , f e r r i c  c h lo r id e  g iv e s  a r e d d ish  brown c o lo u r  
w hich  p a s s e s  through  brovy-nish p u rp le  to  deep  r o d .
— i s  ~
V a l l e s i n e  ( 5 9 ) .  T il ls  a l k a l o i d , ^g o ^ 2 6 ^ 2 "^ 2 » 
c r y s t a l l i s e s  f r o n  e th e r  as ’visp,, n e e d le s  n *p . 151-155^ ; i t  
ooritalriG one m ethe^irl grou p , one C -^ eth y l gro u p , no a c t i v e  
h yd rogen , no F -s .lk 3’‘l  ; I t  '^ o slsted  h yd ro /^ sretlon  in  
g l e c l a l  AoOTT i n  th e  p resen ce  o f  P tC v.
I t s  u l t r a  r i e l  e t  a b so r p tio n  opactruTii In o t h c .o l
ahovro bv=o r .ax liio : X 311 (6  2 9 ,5 0 0 )  and 250 n a  ( 6  8 ,7 0 0 ) .
max.
V a l l e s i n e  b o h n rc s  as  a 'nionoee.ldic b a s e ;  i t  fo rm s  
a e r y s t a l l l a o  b y d r o o b lo r l d c  m . p . 2 4 7 -2 5 1 ^  and a
o ry O ta ]  l i n o  c-cld o x a l a t e  -go^26^2^2* m . p . 2 3 3 -2 3 4 ^ .
H y d r o l y s i s  ^ / i t b  d i l u t e  KOI y i e l d s  a  b a s e  c r y a t a l l l s i n g
fro m  p e n t  ana a s  p r is m s  m. p .  1 0 7 -1 0 8 ^ ,  w b ic b  i s  r e e o n T o r to d  t o  
V s.l 1 e s  lu e  b y  f o rm y l  a t  io  n .
I’e '^ 'c r i iy lv a l le s i ie  a l s c  r e s i s t s  i^ydrogenut io n , b u t  
e o n to in ?  cne a c t iv e  ’y d ro g en . I t s  u l t r a  v i o l e t  a b s o lu t io n  
spectrum  In  e tlia r ic l shows th r e e  Biaxtra: ^ jaax. ( 6  2 6 ,3 0 0 ) ,
245 16 5 ,8 8 0 ) ,  end ,291 Bjyu (6  3 ,0 2 0 ) .  I t  form s a d lh y d r io d id e
a s s to u t  p rism s v/hich be.-yui t o  décom posé a t  
2 2 0 - ,  b u t V'hich e r e  n o t y e t  m o lten  a t  2cC^, and an a c e t y l  
d e r iv a t iv e  w h ich  ga've in c o n s is t e n t  a n a ly s is  f ig 'J ires , b u t w hich  
i s  In a l ]  o th e r  r e s p e c t s  id e n t i c a l  w ith  a sp id o sp e rm in e .
H e fo r m y ]v a lle s in e  r e a c t s  w ith  bonzo^rl c h lo r id e  in  
b en zen e t c  ^rield hhe norm al b en zo y l darivatl% 'o ,
c r y s t e l l i e i D g  from  b e n z en e -p er ta n s  an p la t e s  m .p . 187-190^', 
and a n eu tî’a l  su b sta n ce  , c r y n t a l l . I s iîig  from  b e n z e n e -
— Itj  —
p en tan e a s  p la t e s  m .p*167-19C® , mid a n e u tr a l  su b s ta n c e
* o i^ '^ t a l l l s ln g  from  beriiieno-raothylene c lilc 'r id e  a s  
f l a t  rodo H ie l a t t e r  compound d o es  n o t r e a c t
w ith  i ,4 -c I in itr o p le n y lh y d r a z iT ie  but i s  co n v er ted  h y  -
pyj.'id in o  in to  a su b s ta n c e  in.p* 1 30 -154^ •
/ilth c u ^ r  th e  a n a ly s e s  o f  d afr^rinylval] o s  Ino and 
d e a c e ty ia s p id o s p e m iin e  a s  w e l l  on o f  v a l lu s in e  and 
foriny I d e e o c ty la s p id c e p e im in e  and o f  many ci e r  iv a t  I v e s  a l l  
p o in t  t c  a d i f f e r e n c e  o f  CHg betw een  tlie  tVrO a e r i e s ,  mixed 
n elx iiii^  p o in t  d e t o m in a t io n o ,  o p t i c a l  r o t a t l c n  rüea&urôiaents, 
and % -ray po\/der d iagram s shov/ th e  above two p a ir s  o f  
compounds to  be I d e n t i c a l .
The problem  r a is e d  by su ch  an u nu su al s i t u a t i o n ,  
th a t  o f  1:170 s e r i e s  o f  n crm a lly  r e l i a b l e  e v id e n c e  c la s h in g  
w ith  one a n o th e r , i s  l e f t  u .so lv e d  by th e  iiuohora.
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THE STRUCTURE OF ASPIDOSPSRTÆEM
The f o l lo w in g  d i s c u s s io n ,  b a sed  on p u b lis h e d  
work and on th e  r e s u l t s  o f  th e  p r e s e n t  r e s e a r c h ,  i s  
d iv id e d  in t o  th r e e  m ain s e c t i o n s ,  ea ch  d e a l in g  w ith  a  
p a r t i c u l a r  p o r t io n  o f  th e  a lk a lo id  m o le c u le ,  th e  th r e e  
t o g e t h e r  c o v e r in g  th e  w hole $ These th r e e  s e c t i o n s  a r e :  
th e  f u n c t io n  o f  th e  n it r o g e n  atom s; th e  r e l a t i v e  
p o s i t i o n  o f  th e  s u b s t i t u e n t s  in  th e  b en zen e r in g ;  and 
th e  n a tu r e  o f  th e  a l i p h a t i c  r e s id u e *
The F u n c t io n  o f  th e  K itro g e n  Atoms
Up t o  1 9 4 8 , th e  p u b lish e d  work on th e  c h e m is tr y  
o f  a sp id o sp e r m in e  l e f t  th e  q u e s t io n  o f  th e  e x a c t  n a tu re  
o f  th e  two n i t r o g e n  atom s unanswered* That one form ed  
p a r t  o f  a  H -a c e ty l  group w hich  c o u ld  be h y d r o ly s e d  t o  HH 
was so o n  r e c o g n is e d  (1 1 ) ;  and th a t  t h i s  amino group  was 
n o t p rim ary  c o u ld  be deduced from  th e  b e h a v io u r  o f  
d e a c e ty la s p id o s p e r m in e  to w a rd s n i t r o u s  a c id  and from  th e  
c o m p o s it io n  o f  d e a c e ty la s p id o s p e r m in e  m e th io d id e , w h ich  
was fou n d  t o  be form ed by th e  a d d it io n  o f  o n ly  two m eth y l 
g ro u p s in s t e a d  o f  th e  minimum o f  th r e e  r e q u ir e d  by a  
p rim ary  amino group*
From H e s s e ’ s o b s e r v a t io n  th a t  a sp id o sp e rm in e  
i s  p r e c i p i t a t e d  from  a c id  s o lu t io n  by NaîîCO^, from  th e  
f a c t  t h a t  a sp id o sp e rm in e  i t s e l f  r e a c t s  v /ith  Mel o n ly  a t  
e l e v a t e d  te m p e r a tu r e s  in  a s e a le d  tu b e , and a l s o  p erh a p s
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from  th e  i n a b i l i t y  o f  th e  a lk a lo id  t o  form  c r y s t a l l i n e  
s a l t s ,  i t  was th o u g h t t h a t  th e  o th e r  n i t r o g e n  atom  was 
e i t h e r  v e r y  w eak ly  b a s ic  and t e r t i a r y ,  or  form ed p a r t  o f  
an  in d o le  n u c le u s  ( 1 1 ,3 1 ) .  Of th e  r e l a t i o n s h i p  b etw een  
e i t h e r  o f  th e  two n i t r o g e n  atom s and th e  a ro m a tic  n u c le u s  
n o th in g  was known.
The p o s i t i o n  i s  w e l l  i l l u s t r a t e d  by th e  
f o l lo w in g  a sp id o sp e r m in e  s t r u c t u r e  t e n t a t i v e l y  s u g g e s te d  
by S c h o lz  i n  1934 (4 3 )  i n  w h ich  a  r e l a t i o n s h i p  w ith  
y o h im b in e  and harm ine i s  b ro u g h t o u t .
For th e  sak e o f  c o n v e n ie n c e , th e  a c e t y la t e d  
n it r o g e n  i n  a sp id o sp e r m in e  w i l l  h en cefo rw a rd  be r e f e r r e d  
t o  a s  N (a) and th e  o th e r  a s  N (b ) .
L et u s  f i r s t  c o n s id e r  IT(a). There a re  two 
o b s e r v a t io n s  w h ich  a re  c l o s e l y  c o n n e c te d  w ith  t h i s  
n it r o g e n  and w hich  any th e o r y  on i t s  n a tu re  m ust f i r s t  
e x p la in .  T hese a r e :  th e  change w h ich  o c c u r s  i n  th e
a b s o r p t io n  sp ectru m  when N (a) i s  a c e t y l a t e d  and th e  f a c t  
t l i a t ,  w h ereas th e  a c e t y la t e d  compound g i v e s  no c o lo u r  
r e a c t io n  w ith  FoCl^ or  w ith  c o n c e n tr a te d  HITO ,^ th e
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h y d r o ly s e d  h a se  o o n ta in ii î^  th e  f r e e  M  group  d o e s .
T h is  c e r t a i n l y  means t h a t  N(a)  i s  c l o s e l y  c o n n e c te d  w ith  
a  ohrom ophoric group  an d , s in c e  a sp id o sp e rm in e  h a s  b een  
fou n d  t o  be c o m p le te ly  r e s i s t a n t  t o  h y d r o g e n a tio n  i n  th e  
p r e s e n c e  o f  an a c t i v e  Adams^ c a t a l y s t ,  t h i s  ohrom ophoric  
grou p  m ust be th e  a ro m a tic  n u c le u s .  From th e  p r o p e r t ie s  
o f  a s p id o s in e ,  i t  i s  p r e t t y  c l e a r  t h a t  an a ro m a tic  n u c le u s  
I s  p r e s e n t ,  an d , from  th e  ca rb o n  h yd rogen  r a t i o  and th e  
p r e s e n c e  o f  a t e r t i a r y  n i t r o g e n  c a r r y in g  no a l k y l  g ro u p , 
t h a t  th e r e  i s  v e r y  l i k e l y  o n ly  one a ro m a tic  n u c le u s ,  and 
t h i s  a  b en zen e  r i n g .  The d e d u c t io n  t h a t  N(a)  i s  a t ta c h e d  
t o  th e  b en zen e  r in g  i s  su p p o rted  by a  co m p a riso n  o f  th e  
u l t r a  v i o l e t  a b s o r p t io n  s p e c tr a  and c o lo u r  r e a c t io n s  o f  
a sp id o sp e r m in e  and i t s  h y d r o ly s i s  p r o d u c ts  w ith  th o s e  o f  
t e t r a h y d r o q u in o l in e ,  h e x a h y d r o c a r b a z o le s , and th e  
N -a o e ty l  d e r i v a t i v e s .
T h is  d e d u c t io n  h a s  a l s o  b een  a r r iv e d  a t  
in d e p e n d e n t ly  by Raymond-Hamet ( 3 8 ) ,  who f in d s  th e  Ü .V . 
a b s o r p t io n  s p e c tr a  o f  a sp id o sp e r m in e  and R -a c e ty l  
h e x a h y d r o c a r b a z o le , and o f  d e a c e ty la s p id o s p e r m in e  and 
h e x a h y d r o c a r b a z o le , t o  be p r a c t i c a l l y  i d e n t i c a l .
A lth ou gh  th e  U.V.  a b s o r p t io n  o f  th e  in d o le  
t e tr a h y d r o o a r b a z o le  ch a n g es  on a c é t y l a t i o n ,  th e  p o s i t i o n s  
o f  th e  a b s o r p t io n  maxima w ere found  t o  be v e r y  d i f f e r e n t  
from  th o s e  o f  a sp id o sp e rm in e  and o f  th e  h e x a h y d r o c a r b a z o le s ;
-  17 -
th e  c o lo u r  r e a c t io n s  o f  th e  in d o le s  w ere a l s o  d i f f e r e n t  
from  t h o s e  o f  th e  a sp id o sp e r m in e  g ro u p .
E v id en ce  t h a t  an  in d o le  g ro u p , w h eth er  in v o lv in g  
N (a) o r  N (B ), ca n n o t be p r e s e n t  i n  th e  a lk a lo id  i s  found  
i n  th e  f a i l u r e  o f  th e  E h r l ic h  r e a c t io n ,  th e  pure y e l lo w  
c o lo u r  o f  th e  am orphous a sp id o sp erm in e  and d e a c e t y la s p id o :
: sp erm in e p i c r a t e s ,  and th e  fo r m a tio n  o f  a  d ih y d r io d id e  
b y d e a c e ty la s p id o s p e r m in e . T e tr a h y d r o c a r b a z o le s  a r e
sm o o th ly  red u ced  e l e c t r o l y t i c a l l y  t o  th e  hexahydro  
compounds : th e  f a c t  t h a t  d e a c e ty la s p id o s p e r m in e  rem a in s
l a r g e l y  u n a f f e c t e d  u n d er t h e s e  c o n d it io n s  o f  r e d u c t io n  
c o u ld  have b een  ta k e n  a s  f u r th e r  e v id e n c e  a g a in s t  th e  
p r e s e n c e  o f  an in d o le  n u c le u s  b u t f o r  th e  s u r p r is in g  
d is c o v e r y  t h a t  Y ohim bine i s  a l s o  r e s i s t a n t  t o  e l e c t r o l y t i c  
r e d u c t io n  a t  room te m p e r a tu r e .
The n i t r o n i t r o s o  compound d e s c r ib e d  by Ew ins 
( s e e  p . 11 ) i s  o f  some i n t e r e s t .  Sw ings fo rm u la  
020^26^41^ 4 i s  d e r iv e d  from  d e a c e ty la s p id o s p e r m in e  by  
th e  r e p la c in g  o f  two h y d ro g en  atom s by N20^ , w h ic h ' i s  
b e s t  in te r p r e t :  ed  a s  s u b s t i t u t i o n  by th e  g ro u p s NO2 and 
NO. One o f  t h e s e  g ro u p s can  be assum ed t o  be a t ta c h e d  
t o  N ( a ) ,  th e  o th e r  m ust be a t ta c h e d  t o  a  ca rb o n . I t  i s  
d i f f i c u l t  them  t o  s e e  how r e d u c t io n  w ith  c o n c e n tr a te d  HI 
can  le a d  t o  th e  fo r m a tio n  o f  a s p id o s in e ,  f o r  a  C -n itr o  or  
- n i t r o s o  group  w ould  be e x p e c te d  to  be red u ced  t o  0- am ino.
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The a n a ly s i s  f i g u r e s  g iv e n  by Ew ins (1 1 )  
a g r e e  more c l o s e l y  w ith  th e  fo rm u la  0201128^4.%» w h ich  
c o n t a in s  two h y d ro g en s m ore. T h i s , t o g e t h e r  w ith  th e  
g iv e n  p r o p e r t i e s ,  e m p h a t ic a l ly  p o in t s  t o  th e  fo r m u la t io n  
o f  th e  compound a s  N(a)  n itr o s o d e a c e ty la s p id o s p o r m in e  
n i t r i t e .  When c a l l i n g  t h i s  compound a n i t r o n i t r o s o  
d e r i v a t i v e ,  Ew ins m ust have b een  t h in k in g  o f  th e  n i t r o :
:n i t r o s o  compounds form ed u n d er th e  same c o n d it io n s  by  
t e tr a h y d r o q u in o l in e s  and seco n d a ry  a ro m a tic  am ines ( 4 5 ) :  
th u s  t e t r a h y d r o q u in o l in e  i t s e l f  y i e l d s  I ,  and when th e  
p o s i t i o n  p ara  t o  th e  n i t r o g e n  i s  b lo c k e d , th e  n i t r o  
group  e n t e r s ,  o r th o , a s  i n  I  a .
1
.N-" ^  'N'
NO NOgNO
I l a
The f a c t  t h a t  d e a c e ty la s p id o s p e r m in e  d o e s  n o t  
und ergo  n i t r a t i o n  i s  th e n  somewhat s u r p r i s in g ,  a  p a r a l l e l  
c a s e  h ow ever , i s  found  i n  8 -m eth o x y - and 8—h y d r o x y - t e t r a :
: hydro  q u in o l in e s  ( 4 6 ) ,  b o th  o f  w h ich  form  s im p le  N -n itr o s o  
d e r i v a t i v e s .  I t  i s  i n t e r e s t i n g  t o  n o te  t l ia t  5 -h y d ro x y :
:t e t r a h y d r o q u in o l in e ,  w hich  c o n t a in s  a p o s i t i o n  a c t iv a t e d  
by b o th  OH and NH, a l s o  r e a c t s  w ith  HNO  ^ t o  g iv e  th e  
s im p le  N - n i t r o s o d e r iv a t iv e  ( 4 7 ) .
N(b)  i s  r e s p o n s ib le  f o r  th e  b a s ic  p r o p e r t ie s  
o f  a sp id o sp e r m in e . I t  h a s  b een  fou n d  t h a t ,  c o n tr a r y  t o
19
H e s s e ’ s  s ta te m e n t , a sp id o sp erm in e  i s  n o t p r e c i t ip a t e d  from  
d i l u t e  a c id  s o l u t i o n  by e x c e s s  pure HaHCO^; e l e c t r o m e t r i c  
t i t r a t i o n  o f  th e  a lk a lo id  i n  f a c t  shows N(b) t o  be
-6r e l a t i v e l y  s t r o n g ly  b a s i c ,  w ith  a  o f  th e  o rd er  o f  10  :
t h i s  f ig u r e  makes i t  c l e a r  t h a t  F(b)  ca n n o t be a t ta c h e d
t o  th e  b en zen e  r in g  and t h a t  i t  ca n n o t form  p a r t  o f  a
p y r id in e  r i n g ,  f o r  i n  b o th  c a s e s  th e n  th e  v a lu e  o f  
w ould  be e x p e c te d  to  be o f  th o  o rd er  o f  10""^^•
IT(b) th e n  can  be assum ed to  be a t ta c h e d  t o  
s a tu r a te d  carb on  atom s an d , s in c e  i t  c a r r i e s  no a lk y l  
g ro u p , t o  be common to  two r i n g s ,
E le c t r o m e tr ic  t i t r a t i o n  o f  d e a c e ty la s p id o s p e r m in e  
r e v e a l s  th e  p r e s e n c e  o f  one b a s ic  c e n tr e  o f  s t r e n g t h  
a p p r o x im a te ly  e q u a l t o  t h a t  o f  a sp id o sp erm in e*  N(a)  
on th e  o th e r  hand i s  to o  w eak ly  b a s ic  t o  produce 8ui 
i n f l e c t i o n  i n  th e  t i t r a t i o n  cu rve a t  th e  d i l u t i o n  ( ,02M)  
em p loyed : i t s  d i s s o c i a t i o n  c o n s t a n t ,  e s t im a te d  from  th e
pH o f  th e  s o l u t i o n  o f  th e  d ih y d r o c h lo r id e , i s  a p p r o x im a te ly  
1 0 ~ ^ ,  w h ich  i s  a  l i t t l e  lo w e r  th a n  th e  o rd er  o f  m agn itu de  
e x p e c te d  f o r  an  a ro m a tic  am ino grou p , b u t much h ig h e r  
th a n  t h a t  o f  th e  Mi group o f  an in d o le .
The i n e r t n e s s  o f  N(b) tow ard s m eth y l io d id e  
a t  room tem p e ra tu re  rem a in s th e  o n ly  p o in t  w h ich  ca n n o t  
a t  p r e s e n t  be e x p la in e d .
E w in ’ s  d im e th io d id e  i s  i n  f a c t  d e a c e ty la s p id o :
: sp erm in e F (a )  m eth io d id e  h yd rb d id e ( I I ) ,  i n  w hich  N(b)
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h a s a g a in  r e s i s t e d  m é th y la t io n . T h is  compound i s  
c o n v e r te d  by d i l u t e  a l l c a l i  in t o  th o  m onom eth iod ide ( I I I )  












That th e  b a s ic  n i t r o g e n  atom  i n  th e  mono: 
:m e th io d id e  I I I  i s  IT(b) and n o t  H(a)  i s  shown b y  th e  
f a c t  t h a t  an a l c o h o l i c  s o l u t i o n  o f  th e  compound tu r n s  
l i t m u s  p a p er  b lu e .
The Hofmann d e g r a d a t io n  o f  th e  m e th io d id e  
l e d  t o  th e  fo r m a tio n  o f  a  b a se  w h ich  couI.d n o t  be 
in d u ced  t o  c r y s t a l l i s e ,  b u t w hich  on tr e a tm e n t w ith  
m eth y l io d id e  y ie ld e d  th e  m eth io d id e  I I I  i n  84^  y i e l d .  
Thus th e  Hofmann b a se  m ust c o n s i s t  l a r g e l y  o f  N(a)  
m e th y ld e a o e ty la sp id o sp e r m in e  ( I V ) .  A m io r o h y d r o g en a tio n  
ex p er im en t (w ith  a  v e r y  a c t i v e  Adams* o a ta l^ r c t ) w hich  
was c a r r ie d  o u t t o  e s t im a te  th e  p r o p o r t io n  o f  u n s a tu r a te d  
m a te r ia l  p r e s e n t  d id  n o t  su c c e e d  a s  u n am b igu ou sly  b,b  i t  
had b een  h o p ed . The i n i t i a l  u p ta k e  o f  h yd rogen  was 
f a i r l y  r a p id  b u t th e n  in s t e a d  o f  c e a s in g  I t  c o n t in u e d  
a t  an u n even  s lo w  r a t e ,  p resum ably  r e p r e s e n t in g  a
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liydro^enation o f tho ‘benzeno rin^ (soe .^aph on p* 150).
]5y e x t r a p o la t io n  o f  th e  s lo w  p o r t io n  one a r r iv e s  a t  what 
r a y ,  o r  raaj n o t ,h e  a  c o r r e c t  v a lu e  f o r  th e  r a p id  u p ta k e  
r e p r e s e n t in g  h y d r o g e n a t io n  o f  th e  e th ^ r len ic  hond* From 
t h i s  v a lu e  one ca 3 .cu l.a tes  th e  p e r c e n ta g e  u n s a tu r a te d  
m a t e r ia l  p r e s e n t  t o  he o f  th e  o rd er  o f  I 3 o r  1 4 ^ ,  i n  good  
agreem en t w ith  th e  y i e l d  o f  84^» o f  m e th io d id e  I I I  
o b ta in e d .
I t  i s  a lm o st  c e r t a in  t h a t  o f  th e  irdLxture o f  
N -r a e th y ld o a e e ty la sp id o sp e r m in e  and r in g  opened u n s a tu r a te d  
m a te r ia l  form ed hy th e  Hofmann d og i»ad ation , o n ly  th e  form er  
r e a c t s  w ith  r a e th y lio d id e  under norm al c o n d i t io n s  ( o f . p .  46 ) ,  
so  t h a t  i f  n e c e s s a r y  th e  u n sa tu r a te d  h a se  c o u ld  be 
i s o l a t e d  q u it e  simp3.y from  th e  m eth io d id e  c r y s t a l l i s a t i o n  
r e s id u e s  hy sh a lcing  b etw een  e th e r  and aq ueous a l k a l i .
A lth ou gh  a sp id o sp erm in e  d o es  n o t r e a c t  w it h  
m e th y l io d id e  a t  room tem p e r a tu r e , i t  d oes r e a c t  a t  100  ^
i n  a  s e a le d  tu b e  ( 1 1 ,3 1 ) .  The p r o d u c t , a lth o u g h  am orphous, 
i s  l i k e l y  t o  be f a i r l y  pure m eth io d id e  w h ich , l i k e  a l . l  
o th e r  a sp id o sp e rm in e  s a l t s ,  r e f u s e s  t o  c r y s t a l l i s e *  
D e a c e ty la sp id o sp e n a j .n e  N (a) m onom ethiodide ( I I I )  r e a c t s  
w ith  m etliy l io d id e  a t  100° t o  g iv e  a  new c r y s t a l l i n e  
p r o d u c t . U n fo r tu n a te ly  th e  e x p e r im e n t, w hich  was 
c a r r ie d  ou t on a s m a ll s c a l e ,  cou3.d n o t be r e p e a te d  
b e c a u se  o f  sh o r ta g e  o f  tim e so  tlaat an  a n a ly s i s  sp ec im en
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was n o t p r sp a ro d . I t  i s  v e r y  p ro b a b le  t h a t  t h i s  new  
conpo-'ind i s  th e  t r u e  d im e th io d id e*
Tho c o u r s e  o f  th e  r e a c t io n  b etw een  th e  
m onom ethiod ide and meth^'l io d id e  a t  100  ^ i s  c o m p le te ly  
a l t e r e d  by th e  p r e s e n c e  o f  m ethanol*  The s o l u t io n  
became dark r e d d is h  brown th ro u g h  th e  fo r m a tio n  o f  i o d in e ,  
and o f  th e  tw o c r y s t a l l i n e  p r o d u c ts  i s o l a t e d  one was th e  
m e th io d id e  h^rdriodide ( I I )  and th e  o t h e r ,  b e c a u se  o f  i t s  
h ig h  and p o o r  m e lt in g  p o in t  (o f*  d e a c e ty la s p id o s p e r m in e  
and d ef 0rm ;rl?all e s in o  d ih y d r io d id e s  ) and o f  i t s  a m l y s i s  
f i g u r e s ,  m ust have b e e n  th e  d ih ird r io d id e  o f  N (a)  
me t h y ld e a o e t y la s p id o  8permj.ne * I t  would be i n t e r e s t i n g  
to  compare th e  l a t t e r  compound w ith  an  a u th e n t ic  
d ih y d r io d id e  p rep a red  from  th e  Hofinann m ix tu re*
The fo r m a tio n  o f  io d in e  and o f  HI s a l t s  i n  th e  
s e a le d  tu b e  r e a c t io n  i s  o b v io u s ly  due t o  CH^OH + CH-I = 
CH^-O-CH, + H I, some o f  th e  HI s u b s e q u e n t ly  d ecom p osin g:  
a t  th e  end o f  th e  r e a c t io n  th e r e  was a s l i g h t  e x c e s s  
p r e s s u r e  in s id e  th e  c o o le d  tu b e ,
Tho u n u su a l lo w  r e a c t i v i t y  o f  th e  o th e r w is e  
norm a].ly b a s ic  N (b) i s  a l s o  r e f l e c t e d  dn th e  o b s e r v a t io n s  
t h a t  e x c e s s  ozone c o n v e r te d  on].y 1 6 €  o f  th e  a lk a lo id s  t o  
th e  H -ox id e  and t h a t  th o  H -o x id e , once form ed , i s  much 
more s t a b l e  th a n  i s  u s u a l  f o r  su ch  compounds (4 2 ; c f .p * 9  )
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RELATIVE POSITION OF T i m  SUBSTITUENTS IN THE HSKZSNS RING
B e s id e s  th e  n e th o x y  and t h e  se c o n d a r y  am ino • 
{groups, we ca n  sa y  vd.th a r e a s o n a b le  d e g r e e  o f  c e r t a i n t y  
on th e  'groun ds o f  a n a lo g y  w ith  o th e r  a l k a l o i d s  and on  
t h e  fo r m a t io n  o f  in d o le  compounds in  t h e  z in c  d u s t  
d i s t i l l a t i o n  (4 2 )  th a t  th e  b en zen e  r in g  m ust c a r r y  an  
a l l : y l  s u b s t i t u e n t  c o n n e c t in g  i t  t o  th e  a l . i p i a t i o  p o r t io n  
i n  t h e  p o s i t i o n  o r th o  t o  th e  audnc'group ( V)#
3
ô L A n h -
6 V
That th e  C -n e th y l grou p  p r e s e n t  i n  th e  a l k a l o i d  
may be a t ta c h e d  t o  th o  b en zen e  r in g  i s  c o n s id e r e d  t o  be  
h ig h l y  im p r o b a b le , f o r  s o  f a r  no a l k a l o i d  h a s  b een  fo u n d  
t o  c o n t a in  su ch  a grou p  and th e  K uhn-R oth e s t im a t io n  
g e n e r a l l y  g i v e s  p o o r  y i e l d s  o f  a c e t i c  a c i d ,  from  40  t o  
7 0^ ; when c s .r r ie d  ou t on  a r o m a tic  O -m ethyl com pounds.
Of th e  fo u r  p o s s i b l e  p o s i t i o n s ,  th o  m ethoxy  
grou p  h a s  b ee n  shown t o  occupy p o s i t i o n  6 (V ) by  
c o m p a r iso n  o f  th e  TJ. V .a b s o r p t io n  s p e c t r a  and o f  th e  
c o lo u r  r e a c t i o n s  w ith  c o n c e n tr a te d  HNO and vd.th F eC l
3
o f  t h e  a lk a l o id  and i t s  two h y d r o ly s i s  p r o d u c ts  w ith  
t h o s e  o f  s u i t a b l e  m od el s u b s t a n c e s .  T a b le s  I  and I I  




i . B e a o e t y la s p ld o : 





i l  • 8-M othoxyhexa :
: h vdrocarbasçola
i l l . 7-? #  th o  h exa  ; 
!h y d r o c a r b a z o le
i v .  6-î,'îeth.oxyh©xa ; 
î hy dr o oai'ba z o ie
V .H exah yd ro:
r c a r h a z o le  ( 4 4 )
se U-A.cetj»'! d é r iv a
6 Max. mu 6
248 6 ,4 1 0 258 11 ,0 0 0
292 2 ,270
247 5 ,6 0 0 256 1 6 ,0 0 0
291 2 .250 27 9 ) 3 ,2 0 0
288 )
257 7 ,9 5 0
286 2 ,5 1 0
2 4 5 .5 6 ,8 6 0 256 11 ,9 0 0
287 2 ,150 286 2 ,9 1 0
240 4 ,7 4 4 2 5 3 .5 9 .6 5 0
299 4 ,3 4 0 2 9 5 .5 6 ,2 0 0
241 7 ,6 0 0 262 1 5 ,5 0 0
309 3 ,1 5 0 296 4 ,1 5 0
254 1 6 ,0 0 0
N ote -  oiir fa ll'J ire  t o  d e t e c t  th e  se c o n d a r y  maximum a t  ab out  
288 m u  i n  th e  spectri.un o f  a sp id o sp e rm in e  i s  b e in g  
i n v e s t i g a t e d .
The a b s o r p t io n  s p e c tr a  o f  h exahydrooarba?5o3.e 
and i t s  N -a c e ty l  d e r i v a t iv e  a s  m easured by Raymond-Karo.et ( 3 8 )
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a re  i d e n t i c a l  \ f i t h  h i s  f i g u r e s  f o r  d e a c e ty la s p id o s p e r m in e
and a sx iid o e p e r o in e  ( s o e  i a .  a b o v e )•
Tlio f i g u r e s  f o r  5-m&tho:cyho%a}i^'"drocarbazole 
w ould co m p lete  th o  s e r i e s ,
TABLE I I
Lîax.m
A sp id o s in e  245 4 ,6 0 0
292 1 ,7 5 0
o-l-JH rdroxy-py-tetraJiydro : 246
: q u in o l in e  ( 4 5 )
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N ote -  th e  i n t e n s i t i e s  o f  a b s o r p t io n  g iv e n  by Pox (4 5 )  
f o r  t h e  8-h y d ro x y —p y -te t r a h y d r o q u in o lin e  ca n n o t be 
c o n v e r te d  in t o  m odem  u n i t s .
T ab le I I I  show s how d i f f e r e n t  th e  a b s o r p t io n  o f  
in d o le  d e r i v a t iv e s  i s  from  t h a t  o f  h o x a h y d r o c a r b a z o le s , i t  
a l s o  shows i n  compounds i i i  sind i v  t h a t  th e  a b s o r p t io n  i s  
n o t a f f e c t e d  by th e  a c é t y l a t i o n  o f  a  n it r o g e n  n o t  d i r e c t l y  
a t ta c h e d  t o  th e  b en zen e  n u c le u s .  A c e ty l  te tra h y d r o h a r m in e  
(V I , R = -COOH^) sh o u ld  have an  a b s o r p t io n  sp ectru m  i d e n t i c a l  
w ith  t h a t  o f  th e  s t r u c t u r e  p rop osed  f o r  a sp id o sp e r m in e  by  




TABLE I I I
b a se  l î - a o e t y l  d e r iv a t iv e
Lîax.m^ 6  Lîax.m^ 6
i.H e x a h y d r o : 247 5600 256 1 6 ,0 0 0
:c a r b a z o le  ( 3 8 )
291 2250 2 7 9 ) 3 ,2 0 0
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i i . T etra liyd ro  : 229 31» 000 244 1 6 ,0 0 0
:o a r b a z o le
282 6 ,500
i i i . 2 - G y c l o h e x y l :  281 7 ,4 5 0  278* 7 ,3 8 0
;m e th y lt e t r a  :
:h ydro  -  
3 - c a r b o l in e  
(XIX,R = H)
i v .  T e tr a h y d r o : 268 4 ,9 5 0  268* 4 ,7 0 0
iharm ine
(7 1 , R = H) 300 5 ,9 0 0  297* 5 ,3 7 0
* 3 -M o n o a o ety l d e r i v a t i v e s .
The f o l lo w in g  t a b le  g i v e s  th e  c o lo u r  r e a c t io n s  
o f  a  s e r i e s  o f  compounds and s t r o n g ly  su p p o r ts  th e  
d e d u c t io n s  made from  a  s tu d y  o f  th e  a b s o r p t io n  s p e c t r a .
A sp id osp erm in e  and th e  H -a c e ty lh e x a h y d r o : 




i  V D e a c e ty la sp id o s p e r m in e
i i . 8-M eth o x y lex a h y d ro  : 
: c a r b a z o le
i i i  • 6-M0t lio x y h ex a liy d ro  ; 
t c a r b a z o le
i v .  7“ M ethoxyhexahydro : 
r c a r b a z o le
V. H ex a liy d ro o a rb a zo le
v i  • D ih y d r o d e r iv a t iv e  
o f  x i  ( ? )
v i i . T e tr a h y d ro q u in o lin e
v i i i . T e tr a h y d r o ; 
r o a r b a z o le
i x .9 - A c e t y l t e t r a h y d r o :
: c a r b a z o le
X.T etrahyd roh arm in e  
(V I , R = H)
x i  • 2-C y o lo h 0x y lm e th y l :
:te tr a h y d r o  -  
3 -c a r b o lin e (X I X , R = H)
C olour r e a c t io n  w ith :
N i t r ic  a c id .  F e r r ic  c h lo r id e
I n te n s e  p u r p le .  Deep m agen ta ,
s t a b l e ,
I n te n s e  r e d d is h  Deep r e d ,  
p u r p le . g r a d u a lly
I n te n s e  
b row n ish  r e d .
Deep b la c k is h  
brown.
fa d e s
P u r p le  -  
v i o l e t
Deep r e d ,  
g r a d u a lly  
f a d e s .
I n te n s e  p u r p le .  None. 
Deep r e d . Brown.
I n te n s e  
ruby r e d .
Brown -  
y e l lo w
Deep y e l lo w  
-  o ra n g e .
Y ello w  -  
deep r e d .







-  2 8  -
The n a tu r e  o f  th e  deep m agenta compound 
form ed from  d e a c e ty la s p id o s p e r m in e  i s  v e r y  l i k e l y  t o  he 
th e  same a© t h a t  o f  th e  d e e p ly  c o lo u r e d  p r o d u c ts  form ed  
h y th e  o x id a t io n  o f  s t r y c h n in e  and v o m ic in e  d e r i v a t i v e s ,  
i n  w h ich  th e  la c ta m  r in g  h a s  he en  red u ced  o r  op en ed , 
w ith  ch rom ic a c i d ,  f e r r i c  c h lo r id e ,  h rom in e , or  h yd rogen  
p e r o x id e  ( 4 8 ) .  The c o lo u r e d  compounds th e m s e lv e s  w ere  
n o t i s o l a h l e  i n  c r y s t a l l i n e  form , h u t were red u ced  w ith  
SO^ t o  c o l o u r l e s s  c r y s t a l l i n e  le u c o  d e r i v a t iv e s  w h ich  
c o u ld  he i s o l a t e d  i n  y i e l d s  o f  ahove 80/^ when one t o  two  
e q u iv a le n t s  o f  o xygen  had h een  u sed  i n  th e  o:d.d a t io n .  
T hese le u c o  compounds w ere shown t o  p o s s e s s  a  d o u b led  
m o le c u le ,  so  t h a t  th e  c o lo u r e d  o x id a t io n  p r o d u c ts  m ust 




S tr y c h n id in e  and 0 , I^ -d im eth y lv o m ic in ic  a c i d ,  
w h ich  p o s s e s s e s  an  a ro m a tic  c e n tr e  v e r y  s im i la r  t o  t h a t  
o f  d e a c e ty la s p id o s p e r m in e , a l s o  form  su ch  c o lo u r e d  
compounds ( e .g .V I B )  th e  c o r r e sp o n d in g  le u c o  d e r i v a t i v e s
— 29 —
o f  w h ich  h ave h een  i s o l a t e d  and a n a ly s e d  ( 4 3 ) .  I t  w i l l  
be s e e n  t h a t  th e  m ethoxy group rem a in s  i n t a c t  i n  VIB.
The s o l u t i o n  o f  t h i s  compound i s  deep  b lu i s h  v i o l e t .
E v id e n c e  t h a t  p o s i t i o n  4 o f  th e  a r o m a tic  n u c le u s  
o f  th e  a lk a lo id  (V I I )  i s  f r e e  i s  t o  be found  i n  th e  c o u p lin g  
o f  B -m e th y ld e a c e ty la sp id o sp e r m in e  and o f  o th e r  compounds 




N -H e th y ld e a c e ty la s p id o s p o n iin e  c o u p le s  v e r y  
r a p id ly  w ith  th e  d iazon iu m  s a l t  i n  d i l u t e  m in e r a l a c id  
s o l u t i o n  t o  g iv e  a v e r y  s t a b l e  and in t e n s e ly  laagenta  d y e . 
Such b e h a v io u r  i s  t y p i c a l  o f  d ia lk y la m in o b e n z e n e s  w ith  a  
f r e e  p o s i t i o n  p ara  t o  th e  n i t r o g e n .  C a r e fu l ly  p u r i f i e d  
N -d im e t h y l - p - t o lu id in e  d o es  n o t  r e a c t  w ith  d ia z o b e n z e n e  :
: su lp h o n io  a c id  i n  th e  f i r s t  h a l f  h o u r , th e  s lo w  d evelop m en t  
o f  a  red  c o lo u r  th e n  o c c u r s .  That a sp id o sp e rm in e  i t s e l f  
d o es  n o t c o u p le  a t  a l l  i s  an i n d i c a t io n  t h a t  th e  m ethoxy  
grou p  ca n n o t be r e s p o n s ib le  f o r  th e  a c t i v a t i o n  le a d in g  t o  
c o u p l in g .  D e a c e ty la sp id o s p e r m in e  a l s o  c o u p le s  w ith  th e  
r e a g e n t ,  b u t more s lo w ly  th a n  th e  iî-m o th y l d e r i v a t i v e ,  t o  
g iv e  a  s im i la r  b u t much w eaker d y e .
A s u s p e n s io n  o f  N -c l i lo r o -2 ,  6 -d ib ro m o q u in o n eim in e
-  30 -
i n  a b o ra x  b u f f e r  h a s b een  d e v e lo p e d  by G ibbs (4 9 )  in t o  a  
r e a g e n t  w h ich  c o u p le s  e x c l u s i v e l y  w ith  p h e n o ls  w ith  a  f r e e  
p ara  p o s i t i o n  t o  y i e l d  in d o p h e n o l ty p e  d y e s . A sp id o s in e  
was foun d  t o  c o u p le  r e l a t i v e l y  s lo w ly ,  th e  c o lo u r  p a s s in g  
th ro u g h  y e l lo w  and oran ge t o  a  f a i r l y  deep  b ro w n ish  t i n t .
8 -H y d ro x y h ex a h y d ro ca rb a zo le  r e a c t s  d i f f e r e n t l y  i n  t h a t  i t  
c o u p le s  more r a p id ly  t o  g iv e  a l i l a c  c o lo u r  w h ich  th e n  
g r a d u a l ly  d eep en s t o  a  dark v i o l e t .  The f a c t  t h a t  
a s p id o s in e  g iv e s  a c o lo u r  a t  a l l  may be ta k e n  a s  some 
e v id e n c e  t h a t  p o s i t i o n  3 (7 1 1 )  i s  u n s u b s t i t u t e d .  B lank  
e x p e r im e n ts  vrere c a r r ie d  ou t i n  w h ich  o n ly  a s p id o s in e  was 
su sp en d ed  i n  th e  b u f f e r ,  and i n  w h ich  o n ly  th e  q u in o n e im in e  
was su sp en d ed  i n  th e  b u f f e r :  i n  b o th  o a s e s  th e  s o l u t i o n
rem ained  c o l o u r l e s s .
F u rth er  e v id e n c e  i n  fa v o u r  o f  an u n s u b s t i t u t e d  
p o s i t i o n  3 i s  t o  be fou n d  i n  th e  b e h a v io u r  o f  a s p id o s in e  and 
o f  a  cru d e amorphous sp ec im en  o f  I 4 -a c e ty la s p id o s in e  i n  th e  
t e s t  d e v is e d  by G ein igross (5 0 )  f o r  p h e n o ls  w ith  a  b lo c k e d  
p a ra  p o s i t i o n .  The t e s t  c o n s i s t s  o f  th e  a d d i t io n  t o  th e  
p h e n o l i n  q u e s t io n  f i r s t  o f  a  1^  s o l u t i o n  o f  n i t r o s o -  
n a p h th o l i n  a c e t i c  a c i d ,  th e n  o f  c o n c e n tr a te d  EÏÏO^.
P h e n o ls  w ith  th e  p ara  p o s i t i o n  b lo c k e d  by g ro u p s o th e r  
th a n  n i t r o ,  ca r b o x y , b e t o ,  or a ld e h y d e , and w h ich  have  
one o r th o  p o s i t i o n  f r e e ,  g iv e  a s t r o n g  c o lo u r a t io n .
H ydroquinone and p -a m in o p h en o l, w h ich  a re  r e d u c in g
-  31 -
sub s ta n c e  8 , g iv e  no c o lo u r ;  m onob en zoylh yd roq u in on e and  
p -a c e ta m in o p h e n o l, w h ich  a re  much w eaker r e d u c in g  a g e n t s ,  
beh ave n o rm a lly  and g iv e  th e  stron^^ c o lo u r .  The 
de'^elopm ent o f  a  weak c o lo u r  may be ig n o r e d :  t h u s ,
a lth o u g h  y^-naphthol g i v e s  a s  e x p e c te d  a s t r o h g  c o lo u r ,  
cN '-m phthol g i v e s  a  weak c o lo u r  ta k e n  t o  be w ith o u t  
s ig n i f i c a n c e *  A sp id o s in e  g i v e s  no c o lo u r  a t  a l l *
S in c e  t h i s  may be due t o  th e  f a c t  t h a t  th e  o r th o  amino 
p h e n o l group p r e s e n t  i s  e a s i l y  o x id i s e d ,  th e  t e s t  was 
a l s o  c a r r ie d  ou t on th e  B - a c e t y l  d e r iv a t iv e  : i n  t l i i s  c a s e
o n ly  a  weak c o lo u r  d e v e lo p e d  w h ich  c o u ld  be ta k e n  t o  
r e p r e s e n t  a  n e g a t iv e  t e s t *
A sp id o sp erm in e  i s  n i t r a t e d  t o  a m o n o n itro  
d e r i v a t iv e  i n  v e r y  good y i e l d  by a m ix tu re  o f  HNO  ^ d 1*42  
and g lacisuL  a c e t i c  a c id  a t  4 5 - 5 0 ° .  I t  i s  rem ark ab le  t h a t  
th e  a l k a l o i d  rem a in s l a r g e l y  u n a f f e c t e d  by tr e a tm e n t  w ith  
e x c e s s  o f  th e  same n i t r a t i n g  m ix tu re  f o r  two h o u rs  a t  20°*
A co m p a riso n  w ith  th e  n i t r a t i o n  o f  9 - a c e t y l -  and 
9 (3 »  5 - d in i t r o b e n z o y l  ) -T -m e tiio x y h e x a h y d r o c a r b a z o le , w h ich  
p r o c e e d s  smoothl^r i n  b o th  c a s e s  b e lo w  0 ° ,  i s  s t r i k i n g ,  
a lth o u g h  o f  c o u r se  i n  th e  l a t t e r  compounds b o th  th e  m ethoxy  
end a cy la m in o  g ro u p s a r e  a c t i v a t i n g  t h e  same p o s i t io n *
That th e  m e lt in g  p o in t  o f  n itr o a s p id o s p e r m in e  
l i e s  6 0 °  b e lo w  t h a t  o f  th e  a lk a lo id  i t s e l f  was th o u g h t t o  
be v e r y  s u r p r is in g *  An a n a lo g o u s  c a s e  i s  found  i n
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n i t r o s t r 2y'’c}in ino w h ich  e ilso  m e lt s  a b o u t 60® lo w e r  th a n  
s t r y c h n in e  ( 5 1 ) .
D e a c o ty ln itr o a sp id o sp o r m in G  c o u ld  n o t bo 
a c o t y la t e d  s a t i s f a c t o r i l y ;  th e  p ro d u c t o f  th o  a c t i o n  o f  
a c e t i c  anhy'drido u n d er v a r io u s  c o n d i t io n s  was m a in ly  
amoi»phou3 and d id  n e t  y i e l d  more th a n  5 t o  lOÿ  ^ o f  a  crud e  
c r y s t a l l i n e  n it r o a s p id o s p e r r d n a . The r e a s o n  f o r  t l i i s  
b e h a v io u r  i s  o b s c u r e .
Tliat d e a c o ty ln it r o a s p id o s p e r m in e  d o es  n o t  
c o u p le  a t  a l l  w ith  d iazob on aon o  - s u lp h o n io  a c id  may bo an  
in d i c a t i o n  t h a t  th e  n i t r o  group h a s  e n te r e d  th e  r in g  p a ra  
t o  î î ( a ) ,  a lth o u g h  one m ust c o n s id e r  th e  p o s s ib iD .i t y  o f  a  
n i t r o  grou p  o r th o  t o  th e  a c ti^ /e  p o s i t i o n ,  f o r  exam ple i n  
p o s i t i o n  3 ( "im ) ,  h in d e r in g  th e  c o u p lin g .  ]^ o m en tio n  o f  
su ch  a h in d e r in g  e f f e c t  c o u ld  bo foun d  i n  B e i l s t o l n ,  and  
o n ly  one exam ple o f  d ia z o  c o u p lin g  p a ra  t o  an  am ino group  
and o r th o  t o  a  n i t r o  grou p  ( 5 2 ) .
Support f o r  n i t r a t i o n  p a ra  t o  N (a ) i s  foujid  i n  
th e  a c t i o n  o f  n i t r i c  a c id  on o -m e th o x y a c e ta n il id o  (5 3 )  and  
on 2-mo th o x y -3 -a c o  ta m in o t  o lu en e  ( 5 4 ) .
The p o s i t i o n  o f  th e  m ethoxy grou p s i n  b r u c in e  
and i n  th e  c o lu b r in o s  was d e f i n i t e l y  f i x e d  by th e  i s o l a t i o n  
o f  B - o x a l y l - 4 , 5 - d im e th o x y a n th r a n il ic  a c id  i n  ab ou t .2 ^  
y i e l d  from  th e  form er (5 5 )  and o f  th e  c o r r e sp o n d in g  4 -  and
5 -  m etho);y a c id s  i n  2 .7  and 5 .5 ^  y i e l d  r e s p e c t i v e l y  from
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th e  l a t t e r  ( , 5 6 )  hy o x id a t io n  w ith  e x c e s s  p e n n a n sa n a te î 
i t  was t h e r e f o r e  hoped t o  o b ta in  c o n c r e te  c h e m ic a l  
e v id e n c e  f o r  th e  p o s i t i o n  o f  th e  m ethoxy ^;roup i n  
a sp id o sp e r m in e  hy  o x id a t io n  to  î^ o .m f.y l-  or  T î-acetyl. -  
3 -  methox;^’' a n th i* a n il ic  a c id .
O x id a t io n  o f  th e  pii>?3 all:rO .old a t  6 5 ^  p r a c t i c a l l y  
oamo t o  a  s to p  v/hon o n ly  1 4 .3  oxy^^en had h e e n  ad d ed . The 
r e a c t i o n  z i ix t w o  was worked up a t  t h i s  sta£$e, h a t  i t  
f a i l e d  t o  y i o l d  a  c r y s t a l l i n o  a c i d .  The main f r a c t i o n ,  
roprecoritin^g 43^  o f  th e  s t a r t in : '  m a to r ia l  hy w el,-^ it, was 
an  am orphous, w a te r  and e t h e r  in s o lu b l e  a c i d ,  w h ich  was 
e s t o r i f i o d  t o  an  eq’ia l l y  am orphous m eth y l e s t e r *
”/} ia th er  t h i s  a c i d i c  p ro d u ct i s  a  hom ogeneous conpoim d o r  a  
m ix tu re  o f  c l o s e l y  r e la t e d  s u b s ta n c e s ,  ca n n o t a t  th o  
moment h e d e c id e d . Tho fo r m J .a  a t
from  i t s  m eth o x y l c o n te n t  and from  th e  a n a l y s i s  o f  th e  
m eth y l e s t e r ,  show s t h i s  p ro d u ct t o  c o n t a in  th e  p r a c t i c a l l y  
u n d egrad ed  m o le c u le  : a ssu m in g  th e  p ro d u ct t o  he hom ogeneous, 
f i v e  o x y g en s ca n  he a cc o u n te d  f o r  hy th e  m ethox:/, a c e t y l ,  
and ceirhoxi'’ g r o u p s , and hy an  am ide oxygen  c o n n e c to d  w ith  
F ( h ) . The f o l lo v / in g  h y x ^ o th e t ic a l schemo i l l u s t r a t e  
th e  e x t e n t  o f  th e  o x id a t io n .
^COOH
Tliat no sm a ll fra g m en ts  c o n t a in in g  th e  i n t a c t  
a r o m a tic  n u c le u s  c o u ld  be i s o l a t e d  i s  d is a p p o in t in g  and 
seem s t o  p o in t  t o  th e  p o s s i b i l i t y  t h a t  on ce th e  r e s i s t a n t  
s k e le t o n  r e p r e s e n te d  by th e  ^21^26% ^2 h a s b een
a t t a c k e d ,  g e n e r a l  breakdo\vn o c c u r s .
An a ro iiia t ic  n u c le u s  i s  re n d er ed  l e s s  r e a c t i v e ,  
th u s  more r e s i s t a n t  t o  o x id a t io n ,  by th e  in t r o d u c t io n  o f  
an e l e c t r o n  a t t r a c t i n g  group su ch  a s  a  n i t r o  g ro u p . I t  
i s  t h e r e f o r e  c o n s id e r e d  t h a t  th e  s u r v iv a l  o f  an  a n t i ' ir a n il ic  
a c id  d e r i v a t iv e  i s  more l i k e l y  t o  o c c u r  when n i t r o a s p id o :
; sp e r m in e , r a t h e r  th a n  a sp id o sp e r m in e , i s  s u b j e c te d  t o  
o x id a t io n  w ith  periianga^iauC. I t  m ust be rem em bered
h o w ev er , t l ia t  o x id a t io n  o f  th e  m ethoxy g ro u p , w iiich  w ould  
iiardl^' be a f f e c t e d  by th o  p r e s e n c e  o f  a n i t r o  g ro u p , can  
p la y  a n  im p o r ta n t ro u e  i n  tho d e s t r u c t io n  o f  th e  a ro m a tic  
n u c le u s .
O x id a tio n  o f  n itr o a s p id o s p e r m in e  w ith  barium
r)
p e n m n g a n a te  a t  100 ' l e d  t o  th o  i s o l a t i o n  o f  a  c r y s t a l l i n e  
a c i d ,  p r o b a b ly  abou-c 2;« y i e l d .  Such a
fra g m en t i s  s c i l i  f a r  to o  la r g e  t o  y i e l d  u s e i h l  in fo r m a t io n  
UL i;h is  s t a g e .  A methoxj''! e s t im a t io n  was u n f o r t u n a t e ly  
n o t  o a i r i e d  o u t ,  b u t i t  i s  v e r y  l i k e l y  t i ia t  t h i s  a c id  s t i l l  
c o n t a in s  t h e  a r o m a tic  n u c le u s .  Tho r e s t  o f  th e  a c i d i c  
f r a c t i o n  re :ia in o d  am orphous. The am ino a c id  f r a c t i o n  
y ie ld e d  b a id u n  n i t r a t e  a s  th e  o n ly  c r y s t a l l i n e  p r o d u c t:
-  ”2Î5 -
t h i s  2ï i i s t  a r i s e  from  th e  n i t r o  group  w h ich  i n  th e  h ro a k -u p  
o f  th e  a r o m a tic  r in g  i s  l i b e r a t e d  f i r s t  a s  n itr c o i?  a c i d ,  
s n h s e q u e n t ly  o x id is e d  t o  n i t r i c *
The amoiq;hons a c id  and amino a c id  f r a c t i o n s  
co u ld  n o t  he f u r t h e r  worked up*
The o x id a t io n  o f  a  cru d e T a l l e s i a  G labra e x t r a c t  
o f  ixnlnnown s o w c e  (a  p o s s e s s io n  o f  th e  l a t e  P ro fo B so r  
B a rg er ) g a v e , v e r y  su r p r is in g j .y *  K -o x a ly la n t l ir a n il . ic  a c id  
a s  th e  o n ly  cr^T Stall.ino p r o d u c t:  th e  y i e l d  was .9 ^  hy
w e ig h t  a s  im pure d im e tliy l e s t e r ,  th u s  f a i r l y  s i g n i f i c a n t .
An u m :cthoxy]..a tcd  a lk a lo i d  h a s  n o t so  f a r  b een  I s o l a t e d  
from  " A il le s ia , so  t l ia t  th o  so u rc e  o f  t h i s  a n t h r a n i l l c  a c id  
i s  a s  y e t  u ifuioivn.
The r e p e t i t i o n  o f  ?pfith  and B r e ts c h n e id o r * s  
0:0 .d a t io n  o f  str^Tchnine (55  ) on a red u ced  s c a l e  was c a r r ie d  
out s u c c e s s f u l l y ,  a p p r o x im a te ly  th e  same y i e l d  o f  
B - o x c ly la u t h r a r l7 ic  a c id  (7*6^'} b e ir g  o b ta in e d .
The r e s u l t s  o f  pcrm s-ngonate o z i d a t io n s  c a r r ie d  
ou t on v a r io u s  c a i’bassole d erivativor .»  a re  : ln t e r e s t in g .
6 -  H o th o x y te tr a -  and 6 -  meth o x y h e ica -h y d ro ca r^ a so lc  b o th  
y ie ld e d  ab ou t hy w e ig h t  o f  a d ip ic  a c id  and *5 t o  1^  
o f  a n  u n i d e n t i f i e d  n i t r o g e n  c o n t a in in g  a c i d ,  i s o ] .a t e d  a s  
i t s  c r y s t a lJ .in e  m eth y l e s t e r *  The l a t t e r  compound was 
n o t an in d o l e ,  was n o t th e  m eth y l e s t e r  o f  ad ip em io  a c i d ,  
and n o t  th e  d im e th y l e s t e r  o f  5 -  m eth o x ;i'-~ l^ o x a ly lrm th ra n ilic
-  be -
«
a c id .  I t  can n ot be s a id  'A^hether or n o t t h i s  o x id a t io n  
p rod u ct s t i l l  c o n ta in s  th e  êœ oi^atic n u c le u s .
O x id a tio n  o f  a n i t r a te d  9 -a c e ty l-7 -m e th o x y h o x a :  
:I iy d rcc a rb a zo le  (V III )  y ie ld e d  about 5% o f  a d ip ic  a c id  and 29^  
o f  an a c id  ( I I )  w hich  d id  n o t d e p r e s s  th e  m e lt in g  p o in t  o f  a 
p rod u ct o b ta in e d  by th e  n i t r a t i o n  o f  4 -n i6u h oxy-2 -acota i,iin o  
b en zo ic  a c id .
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S ir n i ia r ly ,  o x id a t io n  o f  6 - n i t r o - 9  ( 3 ,5 - d i n i t r o :  
:b e n z o y l)-7 -m e th o x y -b e x a h y d r o c a r b a z o le  le d  t o  th e  fo rm a tio n  
o f  a d ip ic  a c id  and 3% by w e ig h t o f  an u n id e n t i f i e d  y e l lo w  
c r y s t a l l i n e  a c id ,  v e r y  l i k e l y  t o  be th e  N - ( 3 ,5 - d i n i t r o -  
b e n z o y l) -  d e r iv a t iv e  o f  5 -n it r o -4 -m e th o x y a n th r a n il ic  a c id .
These ex p er im en ts  show t h a t  n i t r a t i o n  h as a 
fa v o u r a b le  e f f e c t  on th e  amount o f  a ro m a tic  a c id  s u r v iv in g  
pe'm ianganate o x id a t io n *  The fo r m a tio n  o f  a much la r g e r  
nroDO-^tion o f  a d ip ic  a c id  in  a l l  c a s e s  shows th a t  perm anganate 
has d i f f i c u l t v  in  a t ta c k in g  an unbranch^d sa tu r a te d  hydrocarbon  
c h a in . The main p o in t s  o f  o x id a t iv e  a t ta c k  in  th e  hexahydro:
: c a r b a z o le  sy stem  are  th e  p o s i t io n s  10 and 1 1 , marked w ith  an 
a s t e r i s k  in  V I I I .
The "read in e s s  w ith  w hich  th e  N (s) in
-  37  -
d e a c e ty la s p id o s p e r m in e  i s  m eth y la ted  m ight have been  th o u g h t  
s u r p r is in g  f o r  a d i -o r th o  s u b s t i tu te d  am ine: S-methoxj'-hexa:
r h y d r o c a r b a z o le , h ow ever, was found t o  r e a c t  w ith  m eth y l io d id e  
j u s t  a s  r e a d i ly  t o  g iv e  th e  co r re sp o n d in g  K -m ethyl m eth io d id e  
in  v e r y  good y i e l d ,
Cne f i n a l  p o in t  to  be m entioned in  c o n n e c t io n  w ith  
th e  arom atic  p o r t io n  o f  nhe a lk a lo id  m o le c u le  i s  th e  v e r y  poor 
y i e l d  o f  a sp id o sp e r m in e , l e s s  than  10^ a s  crude m a t e r ia l ,  
o b ta in e d  by m é th y la t io n  o f  a s p id o s in e  w ith  e t h e r e a l  d iazom e:
: th a n e , fo llo w e d  by a c é t y la t io n  o f  th e  amorphous non p h e n o lic  
p r o d u c t, D iazom ethane had a lr e a d y  been  found t o  be u n s u ita b le  
f o r  th e  m eb h y la tio n  o f  8 -h y d r o x y q u in o lin e , w hich  was s a id  to  
r e a c t  s lo w ly  to  y i e l d  a m ix tu re  o f  p ro d u cts  from  w hich  o n ly  
v e r y  l i t t l e  o f  th e  8-m ethoxy compound cou ld  be i s o la t e d  ( 5 7 ) ,  
and f o r  th e  m é th y la t io n  o f  v o m ic id in e , w h ich  r e a c te d  t o  g iv e  
a dark  r e s in :  i t  i s  rem arkable t h a t  v o m ic id in e  N (a) m eth io d id e
on th e  o th e r  hand r e a c te d  sm ooth ly  t o  g iv e  th e  m ethyl e th e r  in  
good y ie ld  ( 8 0 ) ,
9 :^ %».
A fu r th e r  in t e r e s t i n g  o b s e r v a t io n  i s  th a t  w hereas  
d iazom eth an e m e th y la te s  p -em in o -p h en o l to  p - a n is id in e  in  70^  
y i e l d ,  i t  r e a c t s  w ith  o -am in op h en o l to  g iv e  a much s m a lle r ,  40%
-  3 8  -
y ie ld  o f  o - a n i s i d i n e ,  th e  r e s t  b e in g  amorphous m a te r ia l  (5 8 )*
TTATimE CF 'THE i\LI?K^TIC POPTIOF OF TFT! 3T.T.7CTTLE
L i t t l e  o r  noth irnj p o r t t j v e  car. be sa id  ?bout th e  
n a tu re  o f  th e  g e n e r a l  s k e le to n  o f  th e  a l k e l o i d .  The o n ly  
Im portant worlr In th a t  d ir  a c t io n  im t lip t  o f  IVitkcp (4*^), who 
hsR so  f o r  o b ta in ed  two r e s u l t s :  he has i d e n t i f i e d  3 , 5 -
d ie t h y lp y r id in e  and e s t a b l i s h e d  th e  p rese i oe o f  î r d o le s  in  
th e  vo.l a t i lm  p r o iu o ts  o f  th e  z ln o  dust, d i s t i l l â t  ion  c f  
d eaoe ty la sp ld o sp e r m in e  h y d r o c h lo r id o •
The fo rm a tio n  o f  in d o le s  can bo ta lien  a s  a f a i r l y  
r e l i a b l e  p ie c e  o f  ev id en o o  in  foTCur o f  th e  p r esen ce  o f  a 
d ih yd ro  in d o le  sy stem  in  asp  id c sperm ine* Vfitkop s t a t e s  t h a t ,  
in  s p i t e  c f  th e  h ig h  a n a l y t i c a l  f i g u r e s  o b ta in e d , he c o n s id e r s  
th e  le d  in d o le  p ic r a t e  i s o la t e d  to  be th a t  o f  th e  ? . d x t \ r r e  o f  
3 - o t h y l in d o le  and sk a b o la  w hich  he had p r e v io u s ly  o b ta in ed  
from  yohiiCibine (59) and C - t o z i f e r in e  (dC ),
If th e  p y r id in e  b a se  i s o la t e d  by V/itkop r e a l l y  i s  
3 ,b - d ie t h y lp y r id in e ,  p ro b a b le  s t r u c t u r e s  fo r  a sp id csp erm in e  
based  on a s im p le  a n a lo g y  w ith  laïO'.vîi a lk a lo id s  su ch  ae  
s  t r  yc i n e , y oh imb i n e , p h ysosb ygm ln e, ly e  e r g  i c  ac i d , and 
q u in o iû in e, nm-st be abandoned, u n le s s  fun dtaaen ta l chtuiges in  
th e  carbon  s k e le to n  under th e  c o n d io ic n s  o f  d e iiy d ro g o n a tio n  
are c o n s id e r ed  to  be p o s s i b l e .  3 ,5 - d ie t h y lp y r id in e  d o es  n o t
— 39 —
seem to  have b een  p r e v io u s ly  o b ta in ed  as an a lk a lo id  
d eh y d ro g en a tio n  p ro d u c t.
D e a c e ty la sp id o sp e r m in e  i s  o x id is e d  by aqueous  
m ercu ric  a c e t a t e  in  th e  h o t .  As has a lr e a d y  been  s a i d , 
th a t  th e  a lk a lo id  c o n ta in s  a d ih y d r o in d o le  s t r u c tu r e  i s  v e r y  
l i k e l y :  i f  t h i s  s t r u c tu r e  c o n ta in e d  unb locked  cX and /3
p o s i t i o n s ,  th e  above trea tm en t w ith  m ercu r ic  a c e t a t e  m ight 
r e a s o n a b ly  be ex p ec te d  to  le a d  t o  d eh y d ro g en a tio n  t o  th e  
co r re sp o n d in g  in d o le #  Thus R obinson  and R eyn old s (6 1 )  
found th a t  w h ereas h ex a h y d ro ca rb a zo le  was o x id is e d  t o  t e t r a :  
rh y d ro o a rb a zo le  by m ercu ric  a c e ta t e  in  c o ld  d i l u t e  a c e t i c  
a c id ,  a s tr y c h n in e  d e r iv a t iv e  s t i l l  c o n ta in in g  th e  q u a tern a ry  
carbon  in  th e  o< p o s i t io n  was s t a b le  t o  th e  same r e a g e n t  a t  
100®. Such a weak o x id i s in g  agen t a s  s i l v e r  s u lp h a te  has  
a ls o  been  found t o  co n v e r t  in d o l in e s  t o  in d o le s  «( 6 S ) . 
O x id a tio n  o f  d e a c e ty la sp id o sp e r r o ir e  w ith  th e  e q u iv a le n t  o f  
one oxygen  le a d s  t o  a s o lu t io n  w hich  g iv e s  no r e a c t io n  w ith  
E h r l ic h ’s  r e a g e n t .  T h is r e s u l t  can be e x p la in e d  by th e  
e x i s t e n c e  o f  a q u a tern a ry  carbon  atom a t  e i t h e r  th e  ^  o r  th e  
/3 p o s i t io n  o f  th e  d ih y d ro  in d o le  s t r u c t u r e .
The c r y s t a l l i n e  p rod uct o b ta in ed  by Ewins (1 1 ) by  
th e  o x id a t io n  o f  a sp id o sp erm in e  w ith  chrom ic a c id  in  b o i l in g  
d i l u t e  i s  c o n s id er e d  to  be formed by th e  break  up o f




The m o lec u la r  form u la  o f  XI i s  w h ich
com pares fa v o u r a b ly  w ith  th a t  found by E w in s, ^i5-^^24^2^E* 
t h i s  e x p la n a t io n  i s  su p p orted  by th e  f a c t  th a t  th e  p rod u ct  
shows none o f  th e  c o lo u r  r e a c t io n s  o f  th e  o r i g in a l  a lk a lo id  
and by th e  a n a lo g o u s o x id a t io n s  in  th e  s tr y c h n in e  s e r i e s ,  
su ch  as th a t  o f  s t r y c h n id in e  to  d ik e to n u c id in e  ( 6 3 ) .
T h is  w ith  a l l  th e  ev id en ce  so  f a r  a v a i la b le  we can  
sa y  w ith  a r e a so n a b le  d eg re e  o f  c e r t a in t y  th a t  a sp id o sp erm in e  
c o n ta in s  th e  fragm en t X to g e th e r  w ith  a C -m ethyl group and a 
n o rm a lly  b a s ic  t e r t i a r y  a l ip h a t ic  n itr o g e n  w hich  i s  common to  
two r i n g s ,  b u t w hich  d o es  n o t  r e a c t  n o rm a lly  w ith  m eth yl 
io d id e  end o z o n e .
One can n ot go fu r th e r  v ;ith ou t o v e r s te p p in g  th e  
bounds o f  d e d u c t iv e  r e a s o n in g . That th e  f o l lo w in g  i s  pure ' 
c o n j e c t u r e ,  i s  r e a l i s e d ,  and no a p o lo g y  i s  sou gh t beyond th a t  
X II , a p o s s ib le  a sp id o sp erm in e  s t r u c t u r e ,  has th e  q u a l i t i e s  
o f  e x p la in in g  t^^e fo rm a tio n  o f  3 , 5-d le  th y  Ip y r  id  in e  and o f  
in d o le  d e r i v a t i v e s ,  o f  p o s s e s s in g  a b lo ck ed  d ih y d r o in d o le  
s t r u c t u r e ,  and o f  h av in g  some r e la t io n s h ip  w ith  th e  s tr y c h n in e  




The d o tte d  l i n e  in  X II shows th e  two u n i t s ,  3 , 5 -  
d ie t h y lp y r id in e  and 3 - e t h y l in d o le *
E.B.Woodv/ard (6 4 ) r e c e n t ly  proposed  a p ro b a b le  







S try ch n in e
I t  w i l l  be seen  th a t  s t r u c t u r e  X II cannot be formed 
by a s im i la r  s e r i e s  o f  r e a c t io n s *
— 42 —
THE COMPARISON  OF QUEBRACimiINE WITH ASP IPO SPERMINE
F ie ld  (1 5 ) f in d s  t h a t  a oom p aiison  o f  th e  m oleo u iar  
fo rm u la e  o f  th e  two a lk a lo id s  r e v e a l s  a s t r i k i n g  re sem b la n ce:  
th e  m o le c u la r  form u la  o f  quebracham ine i s  i d e n t i c a l  w ith  t h a t  
o f  a  d e o x y a sp id o s in e *  'The a u th o r  sa y s  th a t  w h eth er  t h i s  
i d e n t i t y  e x te n d s  beyond th a t  o f  c o m p o s it io n  ca n n o t be s t a t e d ,  
b u t i t  w a rra n ts  a c l o s e r  in s p e c t io n  o f  th e  e h e m ic a l p r o p e r t ie s  
o f  th e  two a l k a l o i d s .
The p o s i t i o n  i s  now a l i t t l e  c l e a r e r  and i t  can be  
s a id  w ith  c e r t a i n t y  th a t  th e  tv/o a lk a lo id s  must p o s s e s s  
d i f f e r e n t  fu n d am en ta l s t r u c t u r e s .  D e o x y a sp id o s in e  i s  an  
in d o l in e ,  w h ereas quebracham ine i s  an in d o le :  t h i s  a lo n e
means t h a t  th e  l a t t e r  compound m ust c o n ta in  one r in g  l e s s *
ETTRACTIOIT OF OUEFRACHO BLANCO BAPE
M ention  must be made o f  th e  f a i l u r e  t o  I s o l a t e  
a sp id o sp erm in e  from  a sp ecim en  o f  A spidosperm a Quebracho 
B la n co  bark  o b ta in e d  from  th e  A r g e n t in e . E x tr a c t io n  o f  
30 k g . o f  th e  f i n e l y  pov/dered b ark  w ith  h o t e th a n o l y ie ld e d  
4 9 g .  o f  a b la c k  r e s in o u s  b a s ic  f r a c t io n  w hich  co u ld  n o t  be  
Induced t o  c r y s t a l l i s e .  That a f t e r  s ta n d in g  f o r  a few  d ays  
t h i s  m a te r ia l  was found t o  have undergone some ch a n g e , o n ly  
80% s t i l l  b e in g  b a s i c ,  i s  rem a r k a b le . 12.5%  had become 
n e u t r a l .
F r a c t io n a l  e x t r a c t io n  r e s u l t e d  in  some s e p a r a t io n  
o f  th e  c o n s t i t u e n t s  o f  th e  m ix tu r e , f o r  one f r a c t io n  y ie ld e d
-  4 3  -
,2 1 g .  o f  yoh im bine and a n o th er  .15g#  o f  q uebracham ine.
High vacuum d i s t i l l a t i o n  on a s n a i l  s c a le  was found to  be  
i n e f f e c t iv e #
DISCUSSION OF EZPERBŒNTS CONNECFED WITH THE SYNTHESIS OF
 -
A lthough  c a t a l y t i c  h y d ro g en a tio n  o f  3 -m e th o iy -
6 -b e n z e n e a z o to lu e n o  (XV) p ro ceed s sm o o th ly  to  g iv e  an e a s i l y  
se p a r a te d  m ix tu re  o f  e m ilin e  and £ -a m in o -5 -m eth o x y to lu en e  in  
good y ie ld  , r e d u c t io n  w ith  SiiCl^ in  ÏÏC1 f a i l e d  t o  y ie ld  th e  
d e s ir e d  am ines oiring v e r y  p ro b a b ly  t o  th e  sem id in e  rea rra n g e :  
.'merit o f  th e  in te r m e d ia te  d ia r y lh j^ r a z in e  ( C f .6 5 ) .
OHa
XV
In  one c a s e  th e  c a t a l y t i c  h y d ro g en a tio n  was 
in co m p le te  and proceeded  v e r y  s lo w ly  to  g iv e  a c o l o u r le s s  
s o lu t io n  w hich  must have co n ta in ed  a good p r o p o r tio n  o f  th e  
h y d r a z in e , f o r  i t  soon  became deep  red  on com ing in to  c o n ta c t  
w ith  a tm osp h eric  o x y g en , and, b e s id e s  a poor y i e ld  o f  am in es, 
y ie ld e d  about 35% o f  th e  o r ig ln a ] . azo compound*
The r in g  c lo s u r e  o f  form yl o - t o lu id in e  b y  p o ta ss iu m  
t e r t i a r y  b u to x id e  a t  3 6 0 ° p r o v id e s  a c o n v e n ie n t  method o f  
p rep a r in g  in d o le  ( 6 6 ) •
-  4 4  -
-  Orj
The p r e p a r a t io n  o f  5 -ia e th o x y in d o le  b y  t h i s  m ethod, 
s t a r t i n g  from  2 - f o rm y la m in o -5 -m eth o zy to lu en e , was n o t found t o  
be p o ssib D e: n o t  even  a t r a c e  o f  th e  d e s ir e d  p rod u ct cou ld
be i s o l a t e d .  The re a so n  i s  v e r y  p ro b a b ly  t h a t  d é m é th y la t io n  
t o  p h e n o lic  p ro d u c ts  o c c u r s , w h ich  su b s e q u e n t ly  decom pose a t  
th e  h ig h  r e a c t io n  tem p e ra tu re .
A v e r y  c o n v e n ie n t  method f o r  th e  p r e p a r a t io n  o f  
in d o le  and b z - s u b s t i t u t e d  in d o le s  appeared in  th e  work o f  
M ontzer{67) who c la im ed  r in g  c lo s u r e  to  in d o le s  t o  o ccu r  
when e t h y l  c h lo r o fo r m y la c e ta te  (XVI) and a s u i t a b le  arom atic  
prim ary amine a re  h ea ted  to g e th e r  to  180®, R e p e t i t io n  o f  th e  
r e a c t io n  betw een  a n il3 j ie  and XVI under th e  c o n d it io n s  s p e c i f i e d  
by M entzer was found t o  lead  t o  th e  fo rm a tio n  o f  a su b s ta n c e  
th e  m e lt in g  p o in t  o f  w hich  co r resp o n d s to  t h a t  o f  th e  supposed  
3-oarbetho%%7 in d o le  (XVII) b u t w hich  has nmv been  c l e a r l y  
i d e n t i f i e d  a s  e t h y l  c h lo r o fo r m y la c e ta te  a n i l  (X V III ) , When 
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o u t a t  room tem p e ra tu r e , a lo w er  m e lt in g  s u b s ta n c e , b e l ie v e d  
t o  be a c i s - t r a n s  isom er in v o lv in g  th e  C » N bond , i s  i s o la t e d ;  
t h i s  su b s ta n c e  can be co n v er ted  to  th e  s t a b le r  form  by re p e a te d  
c r y s t a l l i s a t i o n *
E th y l c y c lo h e x y lc y a n o a c e ta te  has b een  p rep ared  by  
th e  r e d u c t io n  o f  th e  co rresp o n d in g  c y c lo h e x y lid e n e  compound by  
alum inium  amalgam in  m o is t  e th e r  (6 8 ) :  c a t a l y t i c  h y d ro g en a tio n
h a s  b een  found t o  p roceed  sm ooth ly  t o  g iv e  a p r a c t i c a l l y  
q u a n t i t a t iv e  y i e l d .
A lk a lin e  h y d r o ly s is  o f  th e  c y o lo h e x y lc y a n o a c e t io  
e s t e r  le d  t o  th e  fo rm a tio n  o f  a m ix tu re  o f  two p r o d u c ts ,  
c y c lo h e x y lm a lo n ic  a c id  and a compound shown t o  be th e  
co r re sp o n d in g  monoam ide. V o g e l (6 8 ) d id  n o t m en tion  th e  
fo r m a tio n  o f  th e  monoamide; Day and Venkataraman ( 6 9 ) ,  who 
re p e a te d  V o g e l 's  w ork, found th a t  d e c a r b o x y la t io n  o f  6 g . o f  
t h e i r  c y c lo h e x y lm a lo n ic  acid  gave o n ly  2 g . o f  o y c lo h e x y la c e t ic  
a c id  on d e c a r b o x y la t io n , t h i s  poor y i e l d  d o u b te s s ly  b e in g  due 
t o  th e  p r e s e n c e  o f  a good p r o p o r tio n  o f  th e  monoamide; Desa y  
and S a ra h iy a  (7 0 ) o b ta in e d  a m ix tu re  o f  c y c lo h e x y lm a lo n ic  a c id  
and a s o l i d  m .p .2 0 0 °  w h ich  th e y  su p p ose to  be c y c lo h e x y lc y a n o :
: a c e t i c  a c id .
A cid  h y d r o ly s is  o f  e t h y l  c y c lo h e x y lc y a n o a c e ta te  
y ie ld e d  a c r y s t a l l i n e  s o l i d  p rob ab ly  c y o lo h e x y lc y e u io a c e t ic  
a c id ,  f o r  on d e c a r b o x y la t io n  i t  g ave e y e lo h e x y 1a o e t o n i t r l l e .
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The Hofmann d eg ra d a tio n  o f  9 -m eth y lh exah yd ro:
: o a r b a z o le  m o th io d id e  g iv e s  a m ix tu re  o f  b a s e s  c o n s i s t in g  
o f  a p p ro x im a te ly  80% o f  o - c y c lo h e x e n y l-N -d im e th y la n il in e  and 
80% o f  9 -m e th y lh ex a h y d r o c a rb a zo le . T h is  c o n t r a s t s  w ith  th e  
r e s u l t  o b ta in ed  by v .B raun  ( 7 1 ) ,  who r e p o r te d  th a t  t h i s  
Hofmann d e g r a d a t io n  y i e l d s  m a in ly  O -roeth y lh exah ydrocarb azo lo:  
he d id  n o t i s o l a t e  th e  r in g  opened p ro d u c t.
O^- - ^
-  ,  OH-
In c o n tr a s t  w ith  h ex a h y d ro ca rb a zo le  w hich  r e a c t s  
v e r y  r e a d i ly  w ith  m eth y l io d id e  to  form  th e  m e th io d id e ,  
o- c y c lo h e x e n y  1-N -d  im ethy 1 aniline r e a c t s  e x tr e m e ly  s lo w ly .
Til i s  s lu g g is h n e s s  in  m eth io d id e  fo r m a tio n  seem s to  be  
c h a r a c t e r i s t i c  o f  o r th o  a lk y l  s u b s t i t u t e d  d im e th y la n i l in e s  
(7 2 ) and i s  m ost p robably  due t o  th e  r e p e l l i n g  o f  th e  two 
N -m ethyl grou p s by th e  o rth o  s u b s t i t u e n t  w ith  th e  r e s u l t  
t h a t  th e  unshared e le c t r o n  p a ir  o f  th e  n itr o g e n  atom f a c e s ,  
and a c c e s s  t o  i t  i s  b lock ed  b y , t h i s  grou p . In  
9 -m e th y lh ex a h y d ro ca rb a zo le , on th e  o th e r  hand, th e  unshared  
e le c t r o n  p a ir  i s  q u ite  a c c e s s i b l e .
2 -C y c lo h e x y lm e th y lte tr a h y d r o -3 -c a r b o lin e  (XIX, R •  H) 
was prepared  by r in g  c lo s u r e  o f  c y c lo h e x y la c e ty ltr y p ta m in e
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w ith  POCl in  b o i l i n g  x y le n e  t o  2 - o y c lo h e x y I m e th y l-4 , 5 -
Ô
d ih y d r o -3 -c a r b o lin e  and su b seq u en t r e d u c t io n  o f  t h i s  b a se  
w ith  sodium  in  amyl a lc o h o l  (C f ,7 3 ) .
NR
XK
The te tr a h y d r o c a r b o lin e  r e a c t s  r e a d i ly  w ith  a c e t i c  
an hyd rid e in  th e  c o ld  t o  g iv e  a p r a c t i c a l l y  q u a n t i t a t iv e  y i e ld  
o f  th e  3 - a c e t y l  d e r iv a t iv e  (XIX, R * COCH^). E l e c t r o l y t i c  
r e d u c t io n  o f  XIX (R -  H) y ie ld e d  a b a s ic  p rod u ct w hich  cou ld  
n o t be induced t o  c r y s t a l l i n e :  a ttem p ts  t o  p rep are a
c r y s t a l l i n e  s a l t  o r  a c r y s t a l l i n e  a c e t y l  d e r i v a t iv e  w ere a l s o  
f r u i t l e s s .  H ex a h y d ro ca rb o lin es  do n o t seem  to  be m entioned  
in  th e  l i t e r a t u r e #
5 - ,  6 - ,  7 - ,  and 8 -m e th o x y - l , 2 ,  3 ,  4 - t e tr a h y d r o : 
r c a r b a z o le s ,  have been prepared  by th e  r in g  c lo s u r e  o f  th e  
co rresp o n d in g  cyclohexam one m eth oxy-p h en y lh yd razon es ( C f .7 4 ) .  
The m ix tu re  o f  5 -  and 7-m ethoxy te tr a h y d r o c a r b a z o le s  
o b ta in ed  from  m-methoxy p h en y lh y d ra z in e  was e a s i l y  s e p a r a te d .  
The predom inant Isom er was ta k en  t o  be th e  7-m ethoxy compound, 
an assu m p tion  l a t e r  con firm ed  by th e  o x id a t io n  o f  th e  n i t r a t e d
9 - a c e t y l  d e r iv a t iv e  ( s e e  p. 36 ) .  8 -M e th o x y -te tr a h y d r o :
: o a r b a z o le , even  when p u r i f ie d  v i a  i t s  c r y s t a l l i n e  p i c r a t e .
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cou ld  n o t be in d u ced  to  c r y s t s l l i s e .
The p r e p a r a t io n  o f  o -L ^ eth oxytctrah yd rooarb azo le  
by th e  in t e r a c t io n  o f  p - a n is id in e  and 2 -c lilo r o c y o lo h e x a n o n e  
under v a r io u s  c o n d it io n s  was found to  be u n s a t is f a c t o r y #
T h is method had been  used w ith  m oderate s u c c e s s  fo r  th e  
p r e p a r a tio n  o f  6 ,  7 -d lm e th o x y te tr a h y d r o c a r b a z o le , th e  y i e l d  
b e in g  about 35% ( 7 5 ) .  The r e a so n  f o r  th e  d i f f e r e n c e  i s  
perhaps th a t  in  th e  l a t t e r  c a s e  r in g  c lo s u r e  o cc u r s  a t  a 
p o s i t io n  para  t o  a m ethoxy grou p .
The 6 - ,  7 - ,  and 8 -m eth oxyhexah .yd rocarb azo los v/ere 
prepared  in  good y ie ld  by th e  e l e c t r o l y t i c  r e d u c t io n  o f  th e  
co r resp o n d in g  te tr a h y d r o c a r b a z o le s .
The p rod u ct d e s c r ib e d  in  th e  e x p e r im e n ta l
s e c t io n  ( p . 131) i s  c o n s id e r e d  to  be 9 -a c e ty l-6 -m e th o x y -1 0 , 
1 1 -d ih y d ro x y h ex a h y d ro o a rb a zo le  (%%), th e  c o n d it io n s  under  
w hich  th e  ÎTH was a c e t y l  a t  ed b e in g  to o  m ild  f o r  a c é t y l a t io n  o f  
t e r t i a r y  a lc o h o ls :  th e  b e h a v io u r  tow ards c o n c e n tr a te d
HO
CHgO
Y  \ '
CH3C0
XX
i s  th en  e x p la in e d  as a d eh y d r a tio n  in v o lv in g  th e  a lc o h o l  
g ro u p s, and th e  amorphous p rod uct o b ta in e d  by th e  a c é t y la t io n  
w ith  a c e t y l  c h lo r id e  in  p y r id in e  i s  th en  th e  d i -  or t r i -  
a c e t y l  d e r i v a t i v e .
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S -M eth o x y a n th ra n ilic  a c id  was p rep ared  from  2-  
n itr o -S -m e th o x y b e n z a ld eh y d e  (76) by o x id a t io n  w ith  s i l v e r  
o x id e  fo llo w e d  by c a t a l y t i c  r e d u c t io n  o f  th e  n l t r o  group» 
A c e t ic  an h yd rid e th en  y ie ld e d  2 -a co ta m in o -3 -m eth o x y b en zo lc  
a c id »  S e v e r a l a ttem p ts  to  n i t r a t e  t h i s  compound f a i l e d :  
th e  unchanged compound i s  th e  o n ly  w a ter  in s o lu b le  m a te r ia l*  
i s o l a b l e  a f t e r  tr ea tm en t w ith  d l» 4 2  in  g l a c i a l  a c e t i c -
a c id ,  and th e  p e r c e n ta g e  r e c o v e r y  d e c r e a s e s  as th e  tem p eratu re  
o f  n i t r a t i o n  r i s e s  u n t i l  a t  80^ p r a c t i c a l l y  n o th in g  s e p a r a te s  
o u t when th e  r e a c t io n  m ixtu re i s  poured on to  ic e »  I t  i s  
p o s s ib l e  th a t  th e  ex p ec te d  5 -n itro -2 -a o e ta m li: .o -3 -n ie th o x y  
b e n z o ic  a c id  (XXI) i s  v e r y  e a s i l y  h y d ro ly sed *  Such e a s e  o f  
h y d r o ly s i s  m ight e x p la in  th e  f a i l u r e  to  i s o l a t e  XXI or th e  
co r r e sp o n d in g  N -o x a ly l  compound from  th e  o x id a t io n  o f  n l t r o :
: a sp id o sp erm in e  »
GHjO
NHCÜCH3
F u rth er  ex p er im en ts  a re  r e q u ir e d  to  c le a r  th e  
m a tter  up: f o r  ex a m p le ,th e  p r e p a r a t io n  o f  XXI m ight su cceed
by n i t r a t i o n  in  a c e t i c  a n h y d rid e , fo llo w e d  by n e u t r a l i s a t io n  
o f  th e  e x c e s s  n i t r i c  a c id  by anhydrous NaOAo, rem oval o f  
a c e t i c  an h yd rid e by d i s t i l l a t i o n ,  and e x t r a c t io n  o f  th e  
r e s id u e  w ith  an o r g a n ic  s o lv e n t  »
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2-J\o3t= m ln o-4 -:iietlïozybe]j% olo a c id  vms n i t r a t e d  in  
a c e t i c  finh^^rlde a t  -5® to  0^* The cr u d e , in  w a ter  s p a r in g ly  
s o lu h lo ,  p rod uct amounted t o  o n ly  o f  th e  w e ig h t  o f ,  and 
c o n s is t e d  a lr:oet e n t i r e l y  o f ,  s t a r t i n g  m a t e r ia l .  A v e r y  
s m a ll p r o p o r tio n  o f  n i t r a t e d  p rod u ct was how eror i s o l a t e d .
Here t o o ,  th e n . In s p i t e  o f  th e  m ild  c o n d it io n s ,  as much as  
o f  m a te r ia l  was h y d r o ly sed  t o  amino ne i d .
Four d i f f e r e n t  aco ty lar iin om eth ozyh G n zo ic  a c id s  
have boon n it r a te d  s u c c e s s f u l ly  b y  HliO  ^ d l . 5  a t  o r  b e lo w  0 ° ,  
th e  n i t r o a c e t y la n in o  m ix tu re  o f  iso m ers b e in g  in  ever^’’ c a se  
i s o l a t e d  in  o v er  90%  y i e ld  by s im p ly  p ou r in g  th e  n i t r a t i o n  
m ir tu r c  on to  i c e  ( 7 7 ) .  In none o f  th e s e  compounds h ow ever, 
V7a s th e  a ce ty la m in o  group o rth o  t o  th e  ca rb o x y . The o n ly  
c a s e  found o f  a n i t r a t i o n  o f  a m eth o x y la ted  a c e t y la n t h r a n i l i c  
a c id  i s  th a t  o f  2-  a c e ty ls m in o -5 , 4 -  d im cthoxy b e n z o ic  a c id  
in  c o n c e n tr a te d  ^ S O ^ . Here to o  a good y i e l d  o f  n i t r o :
: a o e ty la m in o  compound was o b ta in e d  ( 7 8 ) .
A su b s ta n c e  m .p .l09®  has b een  c la im ed  t o  be 3 , 5 , 3 ' ,  
5 ' -  t e t r a n it r o b e n z o ic  anhydride (7 9 ) :  what i s  b e l ie v e d  t o  be
th e  tr u e  an hyd rid e has been  p rep ared  by th e  a c t io n  o f  a c e t i c  
an h yd rid e on 3 ,  5 - d in it r o b e n z o ic  a c id .  The new compound has  
a m .p . o f  226-227® .
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OXIDATION m  TI{E DEGRADATION OF ALKALOIDS
The th r e e  main g e n e r a l ly  a p p lic a b le  p roced u res f o r  
th e  d e g r a d a tio n  o f  a lk a lo id s  a re  o x id a t io n ,  e x h a u s t iv e  
m é th y la t io n , and d eh y d ro g en a tiv e  therm al d eco m p o sitio n *
T h is s e c t io n  o f  th e  t h e s i s  i s  an a ttem p t to  
a n a ly s e ' t h e  r e s u l t s  o f  o x id a t io n  ex p er im en ts  c a r r ie d  o u t  
w ith  a lk a lo id s  and t h e i r  d e g r a d a t io n  p rod u cts*  An a s  fa r  
as p o s s ib le  com p lete  su rv ey  o f  th e  l i t e r a t u r e  o v er  th e  l a s t  
1?y\renty y e a r s ,  t o g e th e r  w ith  a s tu d y  o f  "The P la n t  A lk a lo id s"  
(T*A*H enry), has b een  ta k en  to  be r e p r e s e n t a t iv e  o f  m ost o f  
th e  r e s u l t s  o f  i n t e r e s t  in  an a sse ssm en t o f  th e  r e l a t i v e  
p r o p e r t ie s  and v a lu e s  o f  th e  v a r io u s  o x id i s in g  a g en ts  used  
under many d i f f e r e n t  c o n d it io n s *
The most w id e ly  em ployed o x id i s in g  a g en ts  a re  th e  
perm anganate io n  and chrom ic acid *  The form er i s  a m ost 
v e r s a t i l e  r e a g e n t ,  and has been  a p p lie d  to  p r a c t i c a l l y  e v e ry  
a lk a lo id :  i t  can be used  f o r  th e  c o n t r o l le d  d e g r a d a tio n  o f
th e  e t h y le n ic  bond, t h i s  b e in g  o f  g r e a t  v a lu e  in  th e  i n v e s t i :
:g a t io n  o f  th e  p ro d u cts  o f  Hofmann d e g r a d a t io n , and f o r  th e  
breakdown o f  a r y l - a l i p h a t i c  s t r u c t u r e s  le a d in g  to  th e  i s o l a t i o n  
o f  th e  a rom atic  r e s id u e s  as s im p le  carb oxj^ lic  a c id s ;  a 
p ro p er ty  p e c u l ia r  to  perm anganate i s  i t s  a b i l i t y  to  c o n v e r t  
a b a s ic  :N-CHg to  :N-CO. Chromic a c id  has been  o f  g r e a t  
v a lu e  in  th e  S try ch n o s and Q uin ine g ro u p s , i t s  a c t io n  le a d in g
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t o  th e  i s o l a t i o n  im portan t a l ip h a t i c  fr a g m e n ts , and in  th e  
group o f  a lk a lo id s  p o s s e s s in g  e n t i r e l y  a l ip h a t i c  s t r u c t u r e s .
N ext in  im portance t o  th e  two above m entioned  
r e a g e n t s ,  comes n i t r i c  a c id .  W ith few  e x c e p t io n s ,  t h i s  
o x id i s in g  ag en t h as been  em ployed under v ig o r o u s  c o n d it io n s  
le a d in g  to  e x t e n s iv e  breakdoTO n e a r ly  a lw ays In v o lv in g  th e  
d e s t r u c t io n  o f  raethoxylated  b en zen e r i n g s ,  w ith  th e  s u r v iv a l  
o f  p y r id in e ,  b en ze n e , or  r e l a t i v e l y  s im p le  a l ip h a t i c  c a r b o x y l ic  
a c i d s .
The rem ain in g  o x id i s in g  a g e n ts  have found o n ly  
l im it e d  a p p l i c a t io n .  Ozone i s  o f t e n  s u p e r io r  to  perm anganate  
in  th e  f i s s i o n  o f  e t h y le n ic  b o n d s , and has been  o f  im portance  
in  th e  d e g r a d a tio n  o f  m e th in e s , p a r t ic u la r ly  th o s e  o b ta in ed  
from  th e  com plex B e r b e r is .  C urare, and P a r e ir a  is o q u in o l in e  
a lk a lo i d s .  The main v a lu e  o f  hydrogen p ero x id e  has been  in  
th e  a p p l ic a t io n  o f  i t s  a b i l i t y  t o  o x id i s e  o (-k e to ca r b o x y lic  
a c id  d e r iv a t iv e s  w hich  has been put to  v e r y  good u se  in  th e  
S try ch n o s grou p . I ^ r c u r ic  a c e t a t e ,  le a d  t e t r a a c e t a t e ,  and 
io d in e  have been  used in  d e h y d r o g e n a tio n s , p a r t i c u la r l y  
d eh y d ro g en a tio n s  in v o lv in g  th e  fo rm a tio n  o f  a p y r id in e  n u c le u s .
The m ost in t e r e s t i n g  f a c t  em erging from  such a su rv ey  
i s  th e  w o n d e r fu lly  com plem entary r e la t io n  o f  chrom ic a c id  and 
perm anganate, th a t  betw een  them w ith  b u t l i t t l e  o v e r la p p in g  
th e y  have le d  to  th e  g r e a t  m a jo r ity  o f  c o n s e q u e n t ia l  d e g r a d a t io n s :
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th u s  w hereas chrom ic a c id  has but v e r y  r a r e ly  been  em ployed  
in  in v e s t ig a t io n s  on th e  I s o q u in o l in e  a l k a l o i d s ,  w hich  are  
l a r g e ly  a r o m a tic , i t  has p la y ed  th e  more im p ortan t r o l e  in  
th e  p y r r o l id in e  and p ip e r id in e  group w here th e  s t r u c t u r e s  are  
a l i p h a t i c ;  th e  r e v e r s e  can be sa id  o f  perm anganate. In th e  
in te r m e d ia te  group where th e  m o le c u le  c o n ta in s  b o th  a l ip h a t i c  
and arom atic  p o r t io n s  we f in d  th e  two o x id i s in g  a g e n ts  b e in g  
used  s id e  by s i d e .
T h is r e la t io n s h ip  i s  b e s t  seen  in  th e  S try ch n o s  
gro u p , where chrom ic a c id  b rea k s up r in g s  A and B (XXII) and 






One o x id a t io n  w ith  perm anganate fo llo w e d  by one  
w ith  chrom ic a c id ,  f o r  exam p le, led  to  th e  fo rm a tio n  o f  a 
p rod u ct w hich  in  th e  l i g h t  o f  p r e se n t  kno^vledge may p o s s e s s  
th e  s t r u c tu r e  X X III ( 8 1 ) .  In t h i s  c a s e  th e  b reak  down o f  
r in g  D was th e  r e s u l t  o f  th e  combined a c t io n  o f  b o th  r e a g e n t s ,  
perm anganate c o n v e r t in g  i t  to  a c y c l i c  o (-k eto a cy la m id e , 
w hich was su b s e q u e n t ly  opened by chrom ic a c id .
ITie f o l lo w in g  s e c t io n  d e a ls  in  g r e a te r  d e t a i l  w ith  
th e  a p p l ic a t io n  o f  th e  r e a g e n ts  and e n la r g e s  on th e  g e n e r a l
54 -
stateTTients w hich  have been  made* I t  h as b een  d iv id e d  in to  
f i v e  p a r t s ,  th e  f i r s t  fo u r  o f  w hich  d e a l  w ith  th e  f i v e  main  
o x id i s in g  a g e n t s ,  th e  l a s t  w ith  th e  rem ain tog  o n e s . Each 
o f  th e  f i r s t  fo u r  p a r ts  d e a ls  w ith  a p a r t ic u la r  group o f  
a l k a l o i d s , th u s  p a r t one d e a ls  w ith  th e  i s o q u in o l in e  a lk a lo id s ,  
p a r t two w ith  th e  in d o le ,  p y r id in e ,  and q u in o lin e  a lk a lo id s ,  
p a rt th r e e  w ith  th e  p y r r o l id in e  and p ip e r id in e  a lk a lo id s ,  and 
p a r t  fo u r  v e r y  b r i e f l y  w ith  th e  a lk a lo id s  o f  unknown 
c o n s t i t u t i o n .
The secon d  and th ir d  p a r ts  each  d e a l  f i r s t  w ith  
th e  u se  o f  perm anganate, chrom ic a c id ,  and n i t r i c  a c id  under  
r e l a t i v e l y  v ig o r o u s  c o n d it io n s ,  th en  w ith  th e  u se  o f  th e  same 
under m ild  c o n d i t io n s ,  and f i n a l l y  w ith  hydrogen  p ero x id e  and 
o z o n e . The p o s i t io n  in  p art one d o es n o t c a l l  f o r  such a  
p r e s e n ta t io n  o f  r e s u l t s  b eca u se  perm anganate i s  p r a c t i c a l l y  
th e  o n ly  o x id i s in g  a g en t to  have been  u se d .
PART I .  THE ISOQUINOLIIIE ALKALOIDS
In th e  t e t r a h y d r o is o q u in o lin e  grou p s benzene r in g s  
c a r r y in g  h yd roxy , m ethoxy and m e th y len e d io x y  groups in  th e  
g r e a t  m a jo r ity  o f  o a s e s  accou n t f o r  th e  g r e a te r  p a r t o f  th e  
m o le c u le , so  th a t  i s o l a t i o n  o f  th e  co rresp o n d in g  arom atic  
c a r b o x y l ic  a c id s  g o e s  a lo n g  way to  s o lv e  th e  c o n s t i t u t i o n .
Perm anganate i s  th e  o n ly  s a t i s f a c t o r y  o x id i s in g  
a g e n t . A lthough i t  a t ta c k s  polym eth oxyb en zen e r in g s
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r e l a t i v e l y  e a s i l y ,  th e  sa tu r a te d  carbon  atom s su rrou n d in g  
th e  b a s ic  c e n tr e  a re  even  T<iore s u s c e p t ib le  to  i t s  a c t io n .
The co u r se  o f  o x id a t io n  can be ta k en  to  in v o lv e  th e  breakdown  
o f  th e  a l ip h a t i c  p o r t io n  w ith  th e  fo rm a tio n  o f  th e  arom atic  
c a r b o x y l ic  a c i d s ,  fo llo w e d  by th e  l e s s  co m p lete  o x id a t io n  o f  
th e  l a t t e r .  In  a l l  but th e  m ost fa v o u r a b le  c a s e s  poor 
y i e l d s  o f  arom atic  a c id s  are  o b ta in e d , and w here two or more 
are form ed one o n ly  i s  p red om in an t, in  f a c t  to o  o f t e n  one 
o n ly  i s  i s o l a b l e .
As would be e x p e c te d , b en zen e r in g s  c a r r y in g  a f r e e  
p h e n o lic  h y d ro x y l do n e t  s u r v iv e ;  th e  one e x c e p t io n  seem s to  
be th e  o x id a t io n  o f  armep av in e in  w hich  th e  b e n z y l r e s id u e  
was i s o la t e d  as p -h y d ro x y b en zo ic  a c id  ( 8 2 ) .
Of a b enzene r in g  c a r r y in g  a m eth y le n e d io x y  group  
and one c a r r y in g  two methoxy g r o u p s , th e  l a t t e r  i s  l e a s t  
s u s c e p t ib le  t o  o x id a t io n :  t h i s  i s  i l l u s t r a t e d  by th e
o x id a t io n  o f  XXIV (83) and o f  XXV ( 8 4 ) ,  in  w h ich  o n ly  th e  
d im eth o x y p h th a lio  a c id  i s  i s o l a t e d .
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A lthou gh  a m e th y le n e d io x y p h th a lic  e c id  i s  r a r e ly  
i s o l a t e d  v;hen a d i -  or  t r i - a lk o x y p h t h a l ic  a c id  can be form ed, 
th e  y ie ld  o b ta in e d  by o x id a t io n  o f  an a lk a lo id  c o n ta in in g  
o n ly  m eth y len ed io x y  s u b s t i t u t e d  b en zen e r in g s  i s  g e n e r a l ly  
n ot i n f e r i o r  t o  th a t  o f  arom atic  a c id  o b ta in ed  from  a meth: 
lo x y la te d  a lk a lo id .  Thus o x id a t io n  o f  XXVI g a v e  a 
y ie ld  o f  4 ,5 -m e th y le n e d io x y p h th a lic  a c id  (XXVII) to g e th e r  




The y ie ld  o f  arom atic  a c id  in  t h e s e  o x id a t io n s  
v a r ie s  c o n s id e r a b ly  and in  an u n p r e d ic ta b le  m anner. In 
m ost o f  th e  o x id a t io n s  in  w hich th e  y ie ld  i s  g iv e n  i t  f a l l s  
w ith in  th e  range o f  5 to  20%.
O x id a tio n  i s  g e n e r a l ly  c a r r ie d  o u t in  n e u tr a l  or  
a lk a l in e  aqueous medium f i r s t  a t  room tem p eratu re  th e n  a t  
5 0 -1 0 0 ^ . V ery o f t e n ,  how ever, s a t i s f a c t o r y  r e s u l t s  are  
o b ta in ed  w ith o u t r a i s i n g  th e  tem p e ra tu r e .
In th e  few  c a s e s  in  th e  com plex b i s - b e n z y l i s o :
: q u in o lin e  c l a s s  where th e  a lk a lo id  i t s e l f  was o x id i s e d ,  th e  
o n ly  i s o l a b l e  product was th e  d ip h e n y le th e r  d io a r b o x y l ic  a c id
HO
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d e r iv e d  from  th e  b e n z y l r e s id u e s *  Y ie ld s  o f  up to  60% have  
b een  o b ta in e d , th u s p h a ea n th in e  ( ]OCYII} g ev e  2 X 7 III  in  50% 







One e x c e p t io n  i s  found in  th e  o x id a t io n  o f  t r i e t h y l  
m agn olin e  (87) w hich  b e s id e s  an e th o x y d ip h e n y le th e r  
d io a r b o x y l ic  a c id  y ie ld e d  a o o r y d a ld in e  an a lo g u e (XXX: R -  MeO, 
R» « E t o ) .
L arger fra g m en ts can som etim es be i s o la t e d  when a 
sm a lle r  q u a n t ity  o f  o x id i s in g  a g en t i s  em ployed . C orj^dalis 
a l k a l o i d s , p o s s e s s in g  th e  g e n e r a l s t r u c tu r e  XXIX, g iv e  th e  










c o r y d a l in e  (XXIX: R ~ OMe, R ’ » H, R" •  Me) g iv e s  o o r y d a ld in e  
(XXX: R s  R* « OMe) ( 8 8 ) .  The p e r f e c t  degrad a t  5.on in  t h i s  
c l a s s  i s  found in  th e  o x id a t io n  o f  a u r o te n s in e  d i e t h y l  e th e r  
a s  c a r r ie d  ou t by lôanske ( 8 9 ) .  In  one c a se  a v e r y  in t e r e s t in g
-  58 -
p ro d u c t, g iv in g  some id e a  o f  th e  c o u r se  o f  o x id a t io n  was 
i s o la t e d  from th e  o x id a t io n  o f  c a p a u r ia in e  0 -n .e th y l e th e r  
(XXIX: R = Î» s  OMe, a" s  ÏÏ) ( 9 0 ) .  The p rod u ct (XXXI) shows 
th a t  th e  o x id a t iv e  a t ta c k  v e r y  p ro b a b ly  b e g in s  a t  th e  secon d ary  
carbon atom betw een  th e  n itr o g e n  and th e  tr im eth o x y  b en zen e  
r in g ,  and c o n t in u e s  a t  th e  prim ary carbon betw een  th e  n itr o g e n  
and th e  d iire th o x y  b en zen e r in g .
XXXI
P a r t ia l  o x id a t io n  o f  a d i f f e r e n t  ty p e  o f  a lk a lo id ,  
b u lb o ca p n in e  m ethyl e th e r  ( Z D r i l ) ,  y ie ld e d  X X XIII ( 9 1 ) .
1 J., .NMe GHg
0 Y" ^  ® C O O H
CH gO -fl-V^ 3
^ XXXII XXXIXl
An in t e r e s t i n g  and u n u su a l c a se  w h ich  f a l l s  in  th e  
above group o f  o x id a t io n s  i s  th a t  o f  t a z e t t i n e  (XXXIV). 
O x id a tio n  o f  t h i s  a lk a lo id , y i e l d s  4 ,5  -  m ethylenedio% 3^ p h th a l ic  
a c id ,  b u t b e n z o ic  a c id  i s  th e  r a th e r  u nexpected  p rod u ct o f  th e  
o x id a t io n  o f  t e z e t t i n e  meth i n e , v/h ich on th ? s  and o th e r  










^  G4H5 O2 
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XXXV
'Phe raost e x t e n s iv e  and v a lu a b le  u se  o f  perm anganate  
in  th e  is o q u in o l in e  group o f  a lk a lo id s  has been  in  th e  
o x id a t io n  o f  m eth in es o b ta in ed  by e x h a u s t iv e  m é th y la t io n .
Under th e  r e l a t i v e l y  m ild  c o n d it io n s  re q u ir ed  f o r  th e  
o x id a t iv e  f i s s i o n  o f  e t h y le n ic  b o n d s, th e  arom atic  r e s id u e s  
a r e  g e n e r a l ly  i s o l a b l e  in  good y i e ld  ( e . g . 9 3 ) .  N o ta b le  i s  
th e  la r g e  number o f  v i n y l  p h e n a n th ren es , o b ta in ed  by  
e x h a u s t iv e  ra e th y la tio n  o f  aporphino and m orphine a lk a l o i d s ,  
w hich  have b een  o x id is e d  to  th e  co r re sp o n d in g  phenanthrene  
c a r b o x y lic  a c id s  ( e . g . 9 4 ) .
The ten d en cy  o f  perm anganate to  a t ta c k  N -m eth y l, 
when th e  n itr o g e n  i s  n o t a l s o  a tta c h e d  t o  a carbon a c t iv a t e d  
by a ben zen e r i n g ,  i s  shown by th e  i s o l a t i o n  o f  XXXVII from  
th e  p ro d u cts  o f  th e  o x id a t io n  o f  th e  c r y p to p in e  d e g r a d a tio n  
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O x id a tio n  o f  N -m ethyl i s  a g a in  met v /ith  in  th e  
o th e r  grou p s and w i l l  he r e fe r r e d  t o  l a t e r  on*
The is o q u in o l in e  ty p e  r e p r e se n te d  by em etine and 
th e  p henan th rid  in e  (v/hich may a l s o  be regard ed  a s  i s o q u in o l in e )  
ty p e  r e p r e se n te d  by th e  L y c o r is  group d i f f e r  somewhat from  
th e  a lk a lo id s  co n s id er ed  up t o  now b eca u se  o f  th e  r e l a t i v e l y  
la r g e  a l ip h a t i c  p o r t io n  o f  th e  m olecu le*  So f a r ,  o x id a t io n  
p ro d u cts  r e p r e s e n t in g  th e  a l ip h a t i c  p o r t io n  o n ly  have n o t  
b een  o b ta in e d . The o x id a t io n  o f  em etin e  w ith  chrom ic a c id  
h a s y ie ld e d  a p rod u ct (XXXVIII) c o n ta in in g  th e  d im ethoxy  
b en zen e  r in g  i n t a c t ,  a v e r y  e x c e p t io n a l  r e s u l t  ( 9 6 ) .
°  XXXVIII
Chromic a c id  o x id a t io n  o f  th e  L y c o r is  a lk a lo id s  
h as n o t been  made t o  g iv e  e x t e n s iv e ly  degraded  p r o d u c ts , i t  
h as m ere ly  been used t o  co n v er t th e  c h a r a c te r  1s t  ic  c /-g ly c o l  
group to  an o^-diketo group ( e . g . 9 7 ) .  Perm anganate has b een
o f  much g r e a te r  v a lu e .
An exam ple o f  th e  s p e c i f i c  a c t io n  o f  th e  l a t t e r  
r e a g e n t  i s  found in  th e  o x id a t io n  o f  d i a c e t y l  d ih y d r o ly c o r in e  
a t  th e  N -carbon  a c t iv a te d  by th e  b en zen e r in g  to  g iv e  XXXIX 
(P r OAc) in  65^ y i e ld  ( 0 8 ) .  O x id a tio n  o f  d ih y d r o ly c o r in e
-  61 -
i t s e l f  gave J J X J X  (R = H) in  13% as th e  o n ly  c r y s t a l l i n e  






The n i t r i c  a c id  o x id a t io n s  w hich  f a l l  in to  t h i s  
group a re  m o s t ly  o f  th e  ty p e  e x e m p lif ie d  by th e  o x id a t io n  o f  








B arger and S a rg en t (100) s t a t e  th a t  th e  fo rm a tio n  
o f  m e llo p h a n ic  a c id  i s  o f  g r e a t  e v id e n t ia l  v a lu e  f o r  th e  
ap orp h in e s t r u c t u r e .  The f a i l u r e  o f  th e s e  w orkers to  
i s o l a t e  m e llo p h a n ic  ac id  from  th e  o x id a t io n  o f  a r ta b o tr in e  
(XLI) w ith  n i t r i c  a c id  i s  sa id  to  be due to  th e  p r e se n c e  o f  
a secon d ary  a lc o h o l  group in  th e  c e n tr a l  r in g .
A c a s e  o f  s im p le  d eh y d ro g en a tio n  i s  found in  th e  
o x id a t io n  o f  c o r y d a lin e  (XXIX): R » OMe, R* « H, R” •  Me) by  
h o t v e r y  d i l u t e  n i t r i c ,  when d e h y d r o -c o r y d a lin e  , w hich i s  
v e r y  l i k e l y  t o  p o s s e s s  s t r u c tu r e  XLII, i s  form ed . On
— 6?? —
p r o lo n g in g  th e  a c t io n  o f  th e  h o t d i l u t e  n i t r i c  a c id ,  a 30% 






XLII X L Iil
M ention Tnust be made o f  th e  w e l l  known o x id a t iv e  
f i a s io n  o f  h y d r a s t in e  and i t s  a n a lo g u es  in to  fra g m en ts  o f  
th e  ty p e  7X17 (E* = OH) and XL7 by  th e  a c t io n  o f  d i l u t e  
n i t r i c  a c id  ( e . y .  101 ) .  The n i t r i c  a c id  h ere  m ere ly  a c t s  
as a m ild o x id i s in g  agen t and d o es n o t  p la y  a s p e c i f i c  r o l e ,  
f o r  th e  f i s s i o n  a ls o  o cc u rs  in  th e  p r e se n c e  o f  w a ter  a t  140®, 






The o x id a t io n  m ethylarm epavine w ith  c o n c e n tr a te d  
n i t r i c  a c id  (82 ) i s  rem ark ab le , f o r  th e  p -m eth oxyb en zy l 
r e s id u e  i s  i s o la t e d  as p - a n i s i c  a c id ,  th e  o n ly  c a s e  o f  a 
v ig o r o u s  n i t r i c  ac id  o x id a t io n  y i e ld i n g  an un‘•n itr a te d  
m ethoxybensiene ca rb o x y l ic  ac id  .
« 03  -
' I t  may be s a id  a t  t h i s  p o in t  t h a t ,  in  th e  m orphine  
g ro u p , o x id a t io n s  w hich  proved to  be o f  v a lu e  in  s t r u c t u r a l  
e lu c id a t io n  have been  p r a c t i c a l l y  e n t i r e l y  l im it e d  to  w e l l  
d e f in e d  ch an ges in v o lv in g  no e x t e n s iv e  d e g r a d a tio n  o f  bhe 
m o le c u le , ch an ges such  as a lc o h o l  t o  k e t o ,  and , a s  has a lr e a d y  
been  m en tio n ed , c o n v e r s io n  o f  e x h a u s t iv e  m é th y la t io n  p ro d u cts  
to  phenanthrene c a r b o x y llo  a c i d s .  Some a s t o n is h in g  
o z o n is a t io n s  have been  c a r r ie d  ou t on m orphine a lk a l o i d s ,  th e  
r e s u l t s  o f  w hich  how ever do n o t seem to  have been  o f  r e a l  
v a lu e  in  th e  e lu c id a t io n  o f  s t r u c tu r e :  th e  compounds o z o n ise d
co n ta in e d  one aro m a tic  r in g  and one e t h y le n ic  bond, presum ably  
th e  aim was to  s p l i t  th e  l a t t e r ,  b u t th e  a c t u a l  r e s u l t  was 





Ozone has w ith  g r e a t  ad van tage r e p la ced  perm anganate  
in  th e  d e g r a d a tio n  o f  m .ethines o b ta in ed  from  th e  v e r y  com plex  
b i s - i s o q u in o l i n e  a lk a lo id s ,  th u s th e  m eth in es  o f  t r i l o b i n e  
(1 0 3 ) ,  o (-isochondodcndrlne ( 1C4 ) ,  o< -tetrandine ( 1 0 5 ) ,  and 
o f  o x y a ca n th in e  (100 ) a l l  y i e ld  th e  e x y e 0ted  d ia ld e h y d e s .
"" G4: "•
XLVI and XLVII o b ta in ed  from  t r i l o b i n e  m eth in e i l l u s t r a t e  








PART I I *  THE UmOLE. PYR1LBŒ. AI!1) g.UINüLBÆ ALKALOIDS
O x id a t io n s  c a r r ie d  ou t under v ig o r o u s  c o n d it io n s  
and r e s u l t i n g  in  e x t e n s iv e  d eg r a d a tio n  o f  th e  m o le c u le  w i l l  
f i r s t  be c o n s id e r e d .
Y ohim bine, th e  S try ch n o s a lk a lo id s  ( 5 5 ,5 6 ) ,  and 
f j ls to n ln e  (1 0 3 )  a re  o x id is e d  by e x c e s s  aqueous perm anganate  
a t  tem p e ra tu r es  v a r y in g  from  60*^  to  100° ,  t h i s  r e s u l t i n g  in  
th e  co m p le te  breakdovm o f  th e  la r g e  a l ip h a t i c  p o r t io n s :  th e
u n m eth oxy la ted  a lk a lo id s  y ie ld  N - o x a ly la n t î ir a n i l io  a c id  
(XLV IIT) and th e  o th e r s  th e  co rresp o n d in g  m ethoxy d e r iv a t iv e s  
o f  X X V III , th e  y i e l d s  v a ry in g  from  8fc in  th e  c a s e  o f  s tr y c h n in e  
to  .1 5 ^  in  th e  c a se  o f  b r u c in e ,
a  COOH NHCOGOOH X L V III
Perm anganate d oes n ot seem  to  have b een  used  on
-  65  -
h am iin e; o x id a t io n  o f  yob^Tine (]CLI%), w hich  c o n ta in s  th e  
hainTiaii n u c le u s ,  d id  n o t y ie ld  X LVIII, b u t o ~ p h th a lic  a c id  
{1 0 7 } . The p y r id in e  r in g  d o es  n o t s u r r iv e  in  t h i s  c a s e  
p ro b a b ly  b eca u se  o f  th e  n itr o g e n  a tta c h e d  to  i t  in  th e  
p o s i t i o n .
O m O . . .  .  COOH
HUOGY^^
XLIX
In th e  to b a c co  a lk a l o i d s ,  th e  a l ip h a t i c  pyrro:
: 1 id  in e  o r  p ip e r id in e  r in g  i s  o x id i s e d ,  and n i c o t i n i c  a c id  
i s  i s o la t e d  in  good y ie ld  ( e . g .  1 0 9 ) .  The c o n s t i t u t io n  o f  
two p y r id in e  compounds, one th e  a lk a lo id  g e n t ia n in e  (1 1 0 )  
and th e  o th e r  a ma t r i n e  d eg ra d a tio n  p rod uct ( 1 1 1 ) ,  was 
a tta c k e d  by o x id a t io n  f i r s t  to  th e  co r re sp o n d in g  p y r id in e  
c a r b o x y l ic  a c id s .
The sm a ll a l ip h a t i c  p o r t io n  o f  th e  u n iq u e a lk a lo id ,  
p eg a n in e  (L ) , i s  o x id is e d  away a t  room tem p eratu re  to  y ie ld  




O x id a tio n  o f  the q u in in e  a l lr s lo id s  w ith  perm anganate
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u nd er v ig o r o u s  c o n d it io n s  has l e d  to  the i s o l a t i o n  o f  
( /^ ( ( -p y r id in e tr ic a r b o x y lic  a c id ,  form ed by the p a r t i a l  break­
down o f  th e q u in o lin e  n u c le u s  ^229).
Chromic a c id  in  aqueous su lp h u r ic  a c id  o x id i s e s  
th e  S try ch n o s  a lk a lo id s  to  y ie ld  p ro d u c ts  r e p r e s e n t in g  th e  
a l i p h a t i c  p o r t io n  i n t a c t .  The y i e l d s  v a ry  v e r y  much from  
c a se  to  c a s e  in  an a p p a r e n tly  ir r e g u la r  manner, t h u s ,  a lth o u g h  
b r u c id in e  gave th e  b e s t  y i e l d ,  3 8 -4 8 ^  o f  d ik e to n u c id in e  ( 1 1 3 ) ,  
d ih ydrobruc id  in e  y ie ld e d  o n ly  1 6 %  o f  d ih y d r o d ik e to n u c id in e  
(6 3 );  s t r y c h n id in e  g ave 1 5 %  o f  d ik e to n u c id in e  and b ru c in e  
81% o f  carb oxy  ap on u cin e a s  main p rod u ct ( 1 1 4 ) .
The f o l lo w in g  e q u a tio n s  show th e  co u r se  o f  th e








N-X 0O ^ N '
D ik e to n u c id in e  type
That o x id a t io n  a ls o  f o l lo w s  th e  same c o u r se  when 
the la c ta m  or th e  redu ced  la c ta m  r in g  i s  n o t p r e s e n t  i s  shown 
by th e  f o l lo w in g  ob servaG ion  ( 1 1 5 ) ,  w hich  i s  to  be compared
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The v e r y  o a p r ic io u s  n a tu re  o f  t h e s e  o x id a t io n s  
i s  i l l u s t r a t e d  by th e  f o l lo w in g  c a s e .  Perm anganate  
o x id a t io n  o f  rnethoxym ethyl d Ih yd roneobr u o id in e  (L I) y ie ld e d  
uTTo iso m e r ic  su b s ta n c e s  X and Y, b o th  r e s u l t i n g  from  th e  
s im p le  c le a v a g e  o f  th e  e t h y l en ic  bond w ith  th e  a d d it io n  o f  
t^vo oxygen  atom s one o f  w hich  appears a s  a k e to  group: th e
d i f f e r e n c e  betw een  X and Y was n o t e s t a b l is h e d  , h u t can n ot  
b e v e r y  g r e a t , f o r  on o x id a t io n  w ith  chrom ic a c id  b o th  
y i e l d  th e  same p r o d u c t, w hich  i s  v e r y  l i k e l y  t o  be L I I .
The s u r p r is in g  f a c t  how ever, i s  t h a t  w hereas X i s  s t a t e d  
t o  g iv e  a v e r y  poor y i e ld  o f  L I I , th e  y i e l d  from  Y i s  50% 







The o x id a t io n  o f  v o m ic in e  and v o m ic id in e  w ith
— ÔP —
chrom io aold  occupp a t  low  te m p e r a tu r e s , b etw een  -1 0 °  and 1 0 ° ,  
V om icine %rlelds oarboxrT aponuc5.no l i k e  p r o d u c ts , v o m ic id in e  
(L I I I )  p ro d u c ts  o f  th e  ty p e  LIV (1 1 7 ) .
/
N
1 5 0 U C y ! >
I ( ,00y Ï> Honn
HÔ /
L l l i  LIV
Chromic a c id  o x id i s e s  both  harm ine and h arm alin e





The q u in in e  a lk a lo id s  p resen t a s p e c ia l  c a s e ,  f o r  
th e  a l ip h a t i c  r e s id u e  i s  a tta c h e d  to  th e  p y r id in e  r in g  o f  a 
q u in o lin e  n u c le u s ,  w hich  i s  v e r y  r e s i s t a n t  to  th e  a c t io n  o f  
chrom ic a c id .  Both a l ip h a t i c  and arom atic  p o r t io n s  th u s  
s u r v iv e ,  c in c h o n in e  (LVI) f o r  exam ple y i e l d s  50%  o f  
c in c h o n in ic  a c id  (LV II) and 10%(by w e ig h t)  o f  m eroquinene  
(L V III) (1 1 9 ) .
HOOG i‘:
° ° ° «  L V IIi
HO
LVI LVII
•* 69  "
OhroTnic acl^  csn  o r  Id 5 s e  p v in j ’'! g ro u p , a s  i s  
shoym by t.b^ o rW e b io r  o f  c5riebor1re under n o re  v ig o r o u s  
c o n d i t io n s ,  w hich y i e l d s  c in o h o lo ip o n ic  a c id  (LIX) ( 1 2 0 ) .
.Ts^COOH
H O O c J j
LIX
V ery s u r p r is in g  i s  th e  o x id a t io n  o f  c in o h o lo ip o n  
t o  LIX: t h i s  in v o lv e s  th e  change rC-CHg-CH^ :C-COOH (1 2 0 ) ,
R ecent work on q u inan in e ,  e seco n d a ry  q u in in e  
a lk a lo id ,  shows i t  t o  have LX as th e  p rob ab le  s t r u c t u r e .
The in d o le  n u c le u s  i s  much more s u s c e p t ib le  t o  o x id a t io n  
th a n  th e  q u in o lin e  n u c le u s , so  th a t  th e  a c t io n  o f  chrom ic  
a c id  on quinam ine r e s u l t s  in  th e  breakdovm o f  th e  arom atic  
p o r t io n  w ith  th e  s u r v iv a l  o f  th e  a l ip h a t ic  in t a c t  as th e  





The s i t u a t io n  o b ta in in g  in  th e  q u in o l in e  a lk a lo id s ,  
w hich  has lu s t  b een  m en tion ed , i s  brou ght t o  th e  extrem e in  
th e  to b a cco  a lk a lo id s :  h e r e , a s  i s  o b v io u s from  th e  form u la
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o f  n ic o t in e  fL Z II), cx lc ’o t lc n  iiu.st lea d  to  th e  breakdovm o f  




7be O T ldation  o f  th e  a l ip h a t i c  r in g  by means o f  
perm anganate h as been r e fe r r e d  t o .  The p y r id in e  n u c le u s  i s  
a l s o  v e r y  r e s i s t a n t  to  chrom ic a c id ,  so  th a t  i t s  a c t io n  a l s o  
l e a d s  t o  th e  fo rm a tio n  o f  n i c o t i n i c  a c id  (123 ) ; /3-Tnethylam ino:
: p r o p io n ic  a c id ,  r e p r e s e n t in g  th e  remnant o f  th e  a l ip h a t i c  
p o r t io n ,  was n o t i s o l a t e d .  I f  however th é  r e s i s t a n c e  o f  
th e  p y r id in e  r in g  to  o r id a t io n  i s  weakened by c o n v e r s io n  to  
th e  o^-p3rrldone v ia  th e  fpaaternary s a l t  th en  o x id a t io n  w ith  
p o ta ss iu m  f e r r ic y a n id e  ( e . g . 1 2 2 ) ,  o r id e t io n  w ith  chrom ic a c id  
d o e s  le s d  t o  th e  i s o l a t i o n  o f  p^rr-rolldine end p ip e r id in e  
c a r b o x y l ic  a c id s  in  sm a ll y i e ld  ( e . g .  1 2 2 , 1 2 4 ) .
Only two c a s e s  o f  chrom ic a c id  o x id a t io n  le a d in g  
to  th e  I s o la t io n  o f  a d im ethoxyben^ene fragm ent have been  
fo u n d : th a t  o f  em etin e  has been m entioned on p . 60 ; th e
second  i s  t h a t  o f  g a l ip in e  (L X III) (125 ) w hich  y i e l d s  3 ,4 -  
dIm ethoxjnrebzoic a c id  a s one o f  th e  p r o d u c ts , t h i s  b e in g  
o f  co u rse  g r e a t l y  fa v o u red  by th e  s t r u c t u r e .
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OCHg
L X I i l
V igorou s o x id a t io n  w ith  n i t r i c  a c id  h as b een  used  
in  t h i s  group o f  a lk a lo id s ,  and has g iv e n  some i n t e r e s t i n g  
r e s u l t s .  In n e a r ly  ev e r y  c a s e ,  th e  b en zen e r in g  h as  
su rv iv ed  a s a s im p le  n i t r o  compound o r  in  a s u b s t i t u t e d  
in d o le  o r  i s o - in d a z o le  system : th u s s tr y c h n in e  h as b een
found to  g iv e  p ic r ic  a c id  ( 1 2 6 ) ,  3 ,5 - d in i t r o b e n z o ic  a c id  
( 1 2 7 ) ,  and 5 ,7 - d in i t r o in d o le - 2 - c a r b o x y l ic  a c id  and*- 2 , 3 -  
d ic a r b o x y l ic  a c id s  (1 2 8 );  quinam ine has y ie ld e d  p i c r i c  a c id  
and what i s  p rob ab ly  5 ,7 - d in i t r o - 3 - n i t r o s o i n d o le - 2 - c a r b o x y l i c  
a c id  (1 2 9 ) ;  yohim bine y ie ld e d  s u c c in ic  and 6 - n i t r o i s o in d a z o le -
3 -c a r b o x y l ic  a c id s  (1 3 0 );  harm ine (131) and h a rm a lin e  (132)  
y ie ld e d  m -n it r o a n is ic  a c id ;  n ic o t in e  (134) y ie ld e d  n i c o t i n i c  
a c id  and 3 - n i t r o - 5 - ( 3 * - p y r id y l )  p y r a z o le .  The rep la cem en t  
o f  -NHR by -H , w hich  must have occu rred  in  th e  fo rm a tio n  o f  
3 ,5 - d in i t r o b e n z o ic  and m -n it r o a n is ic  a c id s ,  i s  rem a rk a b le .
The a c t io n  o f  n i t r i c  a c id  on v a r io u s  harm ine and 
yoh im bine d e g r a d a tio n  p ro d u cts  show th e  p y r id in e  n u c le u s  to  
be v e r y  r e s i s t a n t  to  a t ta c k  by t h i s  r e a g e n t  ( 1 0 7 ,1 3 3 ) .  The 
o x id a t io n  o f  l y s e r g ic  acid  (LXIV) to  a t r i b a s i c  a c id  








T h e  w s e  o f  oxi(5 5.s-lng imc’er  mlW c o n d it io n s
w5Jl. no^ 'T be discusoef^*
-try ch n ^ n e  nnd br-Tcir^ hAvo prroboM.jr boon su b je c te d  
to  TTfore in t e n s iv e  in v e s t  ig a t  io r  tbon  eny  o th e r  c l o s e l y  
rc3 o te^  p a ir  o f  n a t u r a l ly  occurrinr^ su b s ta n c e s  so  f a r ,  and 
th e  nur’b er  and v a r i e t y  o f  o x '^ d e tio r s , paM io u la r ly  orith  
p o rv a n g en a te , c a r r ie d  o u t on t h e s e  two a l l ia lo id s  and t h e i r  
d e g r a d a tio n  p ro d u cts  i s  v e r y  g r e a t  in d e e d .
T able V i s  an as f a r  a s  p o s s ib le  co m p lété  su rv ey  
o f  th e  m ild  perm anganate o x id a t io n s  c a r r ie d  ou t on s tr y c h n in e  
and b r u c in e  and t h e i r  d e r iv a t iv e s  s in c e  1 9 3 0 , t o g e th e r  w ith  
th e  r e s u l t s  o f  a few  s i g n i f i c a n t  o n es  c a r r ie d  ou t b etw een  
1925 and 1 9 3 0 .
The num bering employed in  th e  t a b le  foll'^vrs th a t  
o f  form ula L T II, 2 r 3 r e p r e s e n t in g  th e  norm al s tr y c h n o s  
e tb y lo n ic  bond and 4- c B th a t  o f  a bouR al group* Of th e  
l e t t e r s  in  b r o c h e ts  ^n th e  t a b l e ,  0 s i g n i f i e s  t h a t  th e
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c a lc u la t e d  q u a n t ity  o f  o x id i s in g  agen t was em p loyed , D th e  







P o s i t io n s
s u s c e p t ib l e .
l .N - A c e t y l - s e c ^  s tr y c h n in e  
(136 )
2 . S tr y c h n in e  (137)
2 -3
2—3 , 1 ,6 .
3 • S tr y c h n in e  (138) 2—3 , 1 ,6 .
4 .  y  S tr y c h n in e  (137) 2—3 , 1 ,6 .
5 . 2 -oxonu c id  in e - 3 - a c e t  i c  
a c id  (139)
6 . S tr y c h n in e  (140)
2—3 , 1 ,6 .  
2—3 ,  1 ,6 .
7 .D ib e n z o y lte tr a h y d r o b r u c in e  
(141)
8 . C -B en zy ls tr y o h n ln e  (142 )
2= 3 , 1 , 6 .
2—3 , 1 , 6 .
9 .0 -B e n z y lb r u c in e  (143) 2 .3 ,  1 , 6 .
lO .B e n z a ls tr y c h n in e  (14^) 2 = 3 ,4 —8 , 1 , 6 .
1 0 a .B e n z a le th o x y m e th y l:
: s t r y c h n in e  (145)
1 1 .B enzaId ihyd r e s tr y e h n in e
(146)
1 2 .B en za ld  ih y d r o s tr y c h n in e
(147)
1 3 .B en za ld ih y d ro b ru c in e  (115)
2—3 ,4 —8 , 1 ,  
N(b) m .  
4 - 8 , 1 , 6 . ^
4—8 , 1 , 6 .
4 —8 ,  1 ,6 .
1 4 .B e n z a le th o zy m eth y ld ih y d r o :  
: s tr y c h n  in e  (145)
4 -8 ,l ,N (b )M e
P o s i t io n s  
a t ta c k e d .
2=3 f i s s i o n  (E)
2 -3  addn .(C )
2 -3  a d d n .(? )
2=3 addn .(C )
2 -3  addn .(C )
2 -3  f i s s i o n , ! ,  
( E)
2 -3  f i s s i o n , ! ,  
(E)
2 -3  f i s s i o n , ! ,  
(E)
2 -3  f i s s i o n , 1 ,  
(E)
2—3 and 4 —8 
a d d n ., ! • ( C )•
2—3 and 4 —8 
addn. { ? ) .
4 -8  addn .(D )
4 -8  a d d n .( C)
4 -8  addn. (E)
4 -8  addn. (?)
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15#B enzald  ih yd ro  s tr y c h n  in e  
( 1 4 7 ) .
1 6 . B enzald  ih 3rdro s tr y c h n in e  
( 1 4 6 ,1 4 8 ) .
IB .D ih y d r o s tr y c h n id in e  ( 1 4 9 ) .
1 9 .M ethoxym ethyld ih y d r o : 
rb r u c id in e  ( 1 5 0 ) .
2 0 .N e o s tr y c h n id in e  ( 1 5 1 ) .
2 1 .N e o s tr y c h n in e  ( 1 4 4 ) .  
2 2 # B e n z a ln eo stry c h n in e  (1 4 4 ) .
2 3 .N (b ) Methyloheoiod ih yd ro  :
: n e o strychn i(à  in e  ( 1 5 2 ) .
2 4 . Ik^thoxym ethylhihydro : 
i n eo s tr y c h n in e  ( 1 5 3 ) .
2 5 . Ivfeihoxymethyld ihyd  r  o :
;n eo s tr y c h n id in e  ( 1 5 4 ) .
2 6 •M ethoxym ethyld ih y d r o : 
:neobr u c id in e .  ( 1 1 6 ) .
2 7 .D ihydr0 - 9 -h y d ro x y stry ch n in i 
( 1 5 5 ) .
2 B ." D es-b a se  D” (1 5 6 ) .
The 2*3 e t h y l e n ic  bond i s  a lw ays a tta c k e d  f i r s t .  
O x id a tio n  a t  p o s i t io n  1 i s  g r e a t l y  f a c i l i t a t e d  when p o s i t io n  
2 has been  o x id i s e d ,  a s  . i s  seen  when c a s e s  6 to  10a are  
compared w ith  c a s e s  13 t o  1 7 , and in  th e  f a c t  th a t  d ih y d ro :
: s tr y c h n in e  h as to  be t r e a te d  w ith  a la r g e  e x c e s s  o f  
perm anganate in  b o i l in g  a c e to n e  b e fo r e  a p rod u ct o x id is e d  a t  
p o s i t io n s  1 or 6 i s  form ed . P o s i t io n s  5 and 7 do n o t seem  
to  have been  o x id is e d  by perm anganate, a lth o u g h  th e  l a t t e r  
p o s i t io n  in  s tr y c h n in e  i t s e l f  h as b een  o x id is e d  by a i r  in  
th e  p resen c e  o f  th e  cuprammonium io n  ( 1 5 7 ) ,  b y  F e h l in g ’ s  
s o lu t io n  ( 1 5 8 ) ,  and by ozone a t  0® (159) to  y ie ld
4 .B ,  1 ,6 . 4=8 f i s s i o n  (E)
4 * 8 , 1 , 6 . 4»B f i s s i o n  (E)
4*B , 1 ,6 . 4*8 f i s s i o n  (E)
5 , 1 , 6 . 1 o r  6 ( E ) .
5 ,l ,N (b )M e .  
1—2 , 5 ,6 .
? Two c r y s t .
p ro d s.
1*2 f i s s i o n  (C)
1 * 2 ,6 . 1«2 f i s s i o n  (C)
1 « 2 , 4mB, 6 # ? 4arB a d d n .(E ).
l« 2 ,5 ,N (b )M e . ? N(b)lfie (E) .
lm 2,N (b)M e.
l -2 ,5 ,N (b )M e .
l-2 ,5 ,N (b )M e .
No i s o l a b l e  
p ro d . ( ? )  
? M d n .o f  one 
0 (C ).
1=2 f i s s i o n  (? )
4 , 1 , 6 . 4 f i s s i o n  (E ) .
5 ,l ,N (b )M e ,F . ? A dd n .of one  
0 (E ) .
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(p S tr y c h n in e .
In th e  s e r i e s  o f  b e n z o l d e r i v a t iv e s  in  w hich  th e  
2m 5  bond has b een  h ydrogenated  o x id a t io n  o c c u r s  in  e v e r y  c a s e  
a t th e  4=8 d o u b le  bond o n ly .  The p o s i t io n  i s  n o t so  s im p le  
when th e  e t h y le n ic  bond i s  a t  th e  neo p o s i t i o n ,  th a t  i s  1=2 : 
f a c i l e  f i s s i o n  o c c u r s  in  c a s e s  20 and 2 1 , a d d it io n  o n ly  o c c u r s  
in  c a s e  22 a lth o u g h  e x c e s s  o f  perm anganate was u s e d , and, o f  
th e  fo u r  v e r y  s im i la r  o a s e s  23 t o  2 6 , o n ly  th e  l a s t  le a d s  to  
a c l e a r  r e s u l t .  I t  i s  in t e r e s t i n g  to  n o te  th a t  o x id a t io n  
o f  compound 24 w ith  ozone g iv e s  an e x c e l l e n t  y i e ld  o f  a 
p rod u ct formed by th e  f i s s i o n  o f  th e  1=2 bond (1 5 3 ) .
S e v e r a l o x id a t io n s  co u ld  n o t be in c lu d e d  in  th e  
t a b le  b eca u se  th e  n a tu r e  o f  s t a r t i n g  m a te r ia l  and p ro d u c ts  
was o b sc u r e .
As would be e x p e c te d , c a r e f u l  tr e a tm e n t o f  th e  
q u in in e  a lk a lo id s  w ith  perm anganate le a d s  t o  th e  o x id a t io n  o f  
th e  v in y l  group o n ly ;  th e  seco n d a ry  a lc o h o l  group rem ains  
u n a tta ck ed  (1 6 0 )•
P a r t i a l  o x id a t io n  o f  b e n z o y la n a b a s in e  (LX 7II) h as  
r e s u l t e d  in  th e  s im p le  o x id a t iv e  r in g  o p en in g  o f  th e  p ip e r :
: id in e  r in g  to  g iv e  L X V I I I  ( 1 6 1 ) .  A l l  o a s e s  o f
I COOH
COPh Cjj I cop h
iiX V Ii L X V III
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compounds c o n ta in in g  a b a s ic  n itr o g e n  bound t o  sa tu r a te d  atom s 
one o f  w hich  i s  a c t iv a t e d  by a ben zen e r in g  have been  found t o  
be o x id is e d  a t  th e  l a t t e r  carbon: th a t  o x id a t io n  o f  LX7II d o es
n o t o ccu r  a t  th e  carbon a c t iv a te d  by th e  p y r id in e  r in g  may 
in d ic a t e  t h a t  th e  mechanism o f  o x id a t io n  i s  a l t e r e d  by th e  f a c t  
th a t  th e  p ip e r id in e  n itr o g e n  i s  non b a s i c .
D ih y d r o n ic o ty r in e  (162) and b en zo y l am atabine ( 1 6 3 ) ,  
b oth  e t h y le n ic  compounds, were th e  o n ly  o th e r  to b a c co  a lk a lo id s  
found to  be s u c c e s s f u l ly  o x id is e d  under m ild  c o n d it io n s .
A nother group o f  q u in o lin e  a lk a lo id s  i s  t y p i f i e d  
b y  d ic ta m n in e  (LXIX). These compounds are  o x id is e d  by  
perm anganate t o  a m ix tu re  o f  th e  co rresp o n d in g  2-hyd roxy:  
: q u in o l in e - 3 - c a r b o x y l ic  a c id  and -3 -a ld e h y d e  ( 1 6 4 ) .
OCH3  OCH3
^  ^  -  ,'R
i  ^ ' ^ 1 E= -CHO
N 0 ^  a n d  -C O u h
The u se  o f  chrom ic a c id  under c o n tr o l le d  c o n d it io n s  
h as in  t h i s  c l a s s  o f  a lk a lo id s  b een  p r a c t i c a l ly  l im it e d  t o  th e  
s tr y c h n o s  grou p . Three c a s e s  met w ith  o u t s id e  t h i s  group a re  
th e  d eh y d ro g en a tio n  o f  t e t r a h y d r o -3 - c a r b o l in e -4 - c a r b o x y l ic  a c id  
to  3 - c a r b o l in e  (1 6 5 ) ,  t h a t  o f  n itr o h a r m a lin e  t o  n itro h a rm in e  
( 1 6 6 ) ,  and th e  o x id a t io n s  t y p i f i e d  by th e  c o n v e r s io n  o f  
c in c h o n in e  t o  c in ch o n in o n e  (167) v/hich in v o lv e  th e  o x id a t io n
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a secon d ary  a lc o h o l  t o  a k e to n e .
Such o x id a t io n s  o f  secon d ary  a lc o h o ls  are  o f t e n  met 
w ith  in  th e  S try ch n o s grou p , th a t  o f  s t r y c h n in o lo n e -a  (1 4 0 )  
and th a t  o f  th e  d ih y d r o d e r iv a t iv e  (44) may se r v e  a s ex a m p les . 
The o x id a t io n  o f  a prim ary a lc o h o l  i s  found in  th e  c o n v e r s io n  
o f  N -a c e ty lte tr a h y d r o s tr y c h n in e  t o  th e  co r resp o n d in g  a c id  in  a  
y ie ld  o f  70% ( 1 6 8 ) .  O x id a tio n  o f  t e t r a h y d r o s tr y c h n in e  i t s e l f  
(LXX), how ever, d o es n ot proceed  a t  a l l  a c c o r d in g  to  p la n :  
fu r th e r  d e g r a d a tio n  o cc u rs  to  y ie ld  an a n in o  a c id  







îvîany c a s e s  o f  th e  o x id a t io n  o f  th e  group -  CO.COOH 
t o  -COOH are a l s o  en cou n tered  ( e . g . 1 1 4 ) .
As has been  m entioned ( p . 28 ) ,  m ild  o x id a t io n  o f  th e  
s tr y c h n o s  a lk a lo id  d e r iv a t iv e s  p o s s e s s in g  a b a s ic  N (a) w ith  
CrOg and o th e r  a g e n ts  r e s u l t s  in  th e  fo rm a tio n  o f  d e e p ly  
co lo u red  compounds w hich  are  q u in on o id  d in e r s  cou p led  in  th e  
p o s i t io n  para t o  N (a) (VIA, p . 28 ) .  The fo im iation  o f
p -c a r b o x y str y c h n in e  by th e  o x id a t io n  o f  te tr a h y d r o s tr y c h n in e  
must proceed  through  th e  fo rm a tio n  o f  su ch  d im ers ( 1 6 8 ,1 7 0 ) .
V ery c a r e f u l  o x id a t io n  o f  b r u c in e  (171) or  some o f
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i t s  d e r iv a t iv e s  can be made t o  y ie ld  th e  co r resp o n d in g  o r t h o : 
rquinone by d é m é th y la t io n . The same o x id a t io n  can be c a r r ie d  
o u t w ith  d i l u t e  n i t r i c  a c id  a t  a low  tem p era tu re; th e  a c t io n  
o f  n i t r i c  a c id  a t  h ig h e r  te m p e r a tu r e s , about 50®, le a d s  t o  th e  
fo rm a tio n  o f  n itr o q u in o n e s  ( e . g . 1 7 2 ) .
A quinone can n ot and i s  n o t formed by th e  a c t io n  o f  
n i t r i c  a c id  on v o m ic in e : th e  r e a c t io n  however le a d s  through
m o n o n itra t i o n , e i t h e r  t o  th e  b reak  up o f  th e  a rom atic  n u c le u s  
or t o  d in i t r a t i o n  (1 7 5 ) .
As h as been m en tio n ed , chrom ic a c id  has been  used  to  
o x id is e  -CO.COOH to  -COOH. Hydrogen p ero x id e  in  th e  p resen ce  
o f  b a r y ta  i s  much s u p e r io r  as r e a g e n t ,  th u s d ik e to n u c  id  in e  i s  
con verted  t o  carboxyaponucid  in e  in  y i e l d s  o f  up to  82% (113)  
and d ih y d ro s tr y ch n in o n e  t o  c u n in e c a r b o x y lic  a c id  in  about 60% 
y ie ld  (1 4 0 );  a c a se  in v o lv in g  a ly c o r in e  d e g r a d a tio n  p rod uct  
(174) was th e  o n ly  one en cou n tered  o u t s id e  th e  s tr y c h n o s  grou p . 
The method however i s  n o t i n f a l l i b l e  and in  many c a s e s  h as g iv e n  
poor r e s u l t s  ( e . g . 175) ; some t ir o e s , t o o ,  co n cu rren t o x id a t io n  
o c c u r s  e lsew h e re  in  th e  m o le c u le , a s  th e  f o l lo w in g  c a se  shows 
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No o th e r  in t e r e s t i n g  c a s e  o f  o x id a t io n  a t  a carbon  
atom by p ero x id e  was met w ith  in  t h i s  g ro u p . The p ro p er ty  
o f  HO th e  c o n v e r s io n  o f  t e r t i a r y  am ines t o  amine o x id e s ,  
has been  a p p lied  ( e . g . 1 7 7 ) ,  b u t t o  no p u rp o se .
P e r b e n z o ic  a c id  g e n e r a l ly  a ls o  le a d s  to  th e  
fo r m a tio n  o f  K -o x id o s , som etim es even  in  th e  p r e se n c e  o f  an 
e t h y le n ic  bond, a s i s  dioTO by th e  c o n v e r s io n  o f  s tr y c h n in e  (178)  
and o f  th e  q u in in e  a lk a lo id s  (1 7 9 ):  i s o s tr y c h n in e  how ever, i s
co n v erted  t o  epoxy i s o s tr y c h n in e -N -o x id e  (1 8 0 );  s e e  a ls o  c a se  
24 (p p 7 4  , 75  ) .
Ozone has o n ly  seldom  b een  used  in  t h i s  group o f  
a lk a lo id s ,  b ut th e  few  a p p l ic a t io n s  have y ie ld e d  u s e f u l  r e s u l t s :  
th u s  th e  p resen ce  o f  C-CHMe in  d eoxyvom icin e  was e s t a b l i s h e d  
by o z o n is a t io n ,  w hich  y ie ld e d  80% o f  a c e ta ld e h y d e  (1 8 1 ) ,  
s tr y c h n in e  was co n v er ted  t o  s tr y c h n in e  ( 1 5 9 ) ,  th e  in d o le  
n u c le u s  in  te tr a h y d r o y o b y r in e  s u c c e s s f u l l y  opened t o  a k e to :
: a c y la n i l id e  d e r iv a t iv e  ( 1 8 2 ) ,  and, a r a th e r  e x c e p t io n a l  c a s e ,  
th e  b en zen e r in g  o f  a s tr y c h n in e  d e g r a d a tio n  prod uct  
e f f i c i e n t l y  o x id is e d  away (1 8 3 ) .
PART I I I .  PyPROLIDD^ AND PIPER ID BPS ALKALOIDS
O x id a tio n  o f  t h e s e  a l ip h a t i c  compounds w ith  
perm anganate under v ig o r o u s  c o n d it io n s  g e n e r a l ly  le a d s  t o  th e  
fo rm a tio n  o f  s im p le  non n itr o g e n o u s  mono or  d i  c a r b o x y lic  
a c id s .  One e x c e p t io n  to  t h i s  seem s to  be th e  o x id a t io n  o f
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OOPh
(jJ con h yd rin e (LXjCII) w hich  p ro ce ed s  in  good y i e ld  a s  i s  




Many a tte m p ts  to  o x id i s e  lu p in e  a lk a lo id s  such  as  
s p a r t e in e ,  lu p a n in e , m a tr in e , and d e r i v a t i v e s ,  le d  m ere ly  to  
th e  fo rm a tio n  o f  o x a l i c ,  s u c c i n i c ,  and som etim es g lu t a r ic  
a c id s  ( 1 8 5 ,1 8 6 ) .  T rop ine was broken  down t o  o x a l i c  a c id ,
COg, and NH^  ( 1 8 7 ) .  T h is o x id i s in g  agen t was used  v /ith  more 
s u c c e s s  on sm a lle r  fragm en ts o b ta in ed  e i t h e r  by Hofmann 
d e g r a d a t io n  or by p r e v io u s  chrom ic a c id  o x id a t io n  ( e . g . 1 8 4 ,1 8 5 ) .
Chromic a c id  a ls o  le a d s  t o  e x t e n s iv e  breakdown, 
b u t ,  as d i s t i n c t  from  perm anganate, th e  p ro d u cts  i s o la t e d  
are g e n e r a l ly  amino a c id s :  th u s  s p a r t e in e ,  c o n i in e ,  and
p y r r o l id in e  y ie ld  f-a m in o b u ty r ic  a c id  ( 1 8 8 ) ,  ^ -m eth yl:
: p y r r o l id in e  y i e l d s  /3-am inobutyric a c id  ( 1 8 9 ) ,  y -d id eh y d ro -
s p a r te ln e  y i e l d s  y9-a la n in e  (190^ tr o p in e  (LXXIII) y i e l d s
t r o p in ic  (LXKIV) and e c g o n ln ic  (UŒV) a c id s  ( 1 9 1 ) .
■COOH
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l t  i s  in t e r e s t in g  to  n o te  th a t  r e a l l y  v ig o r o u s  
cT-ironic a c id  o r id e t io n  of* e i t h e r  IXCIV or 1»XXV l e a d s  to  th e  
for^^ation o f  K -n e th y l s u o o in in id e  (192) • The above o x id a t io n  
o f  t r o p in e  i s  o h a r a o t e r i s t i c  o f  th e  w hole group o f  su ch  
f c io y c lio  b a s e s .
The L o b e lia  a lk a lo id s  behave s i n i l a r l y ,  th u s  d 1 -  
le lo b a n id  in e  (LXX/X), a p a r t ic v i la r ly  fa v o u r a b le  and s u c c e s s f u l  
o a s e , y ie ld e d  b e n z o ic ,  a c e t i c ,  p r o p io n ic ,  s e o p o l i c  (UÜCVII) 
and h -w e th y lg r a n a t lc  (DOCVÏII) a o ld s  (1 9 5 ) .
OH r BH
1 1 ^  I 1  i  JL GOGH
^  HOOC COOH HOOC
Me Me Me
LXXVI LXXYII LXXVIII
The o x id a t io n  c*f* ÿ -co n h y d r in e  ( Cf .D C r T I) ig  
i n t e r e s t i n g ,  fo r  i t  le a d s  t o  e x a c t l y  th e  ssjr-e breakdown 
p rcd u ats w hich  are o b ta in ed  by th e  n erra n g en a te  o x id a t io n  
( s e e  p . 8 0  ; r e f .1 8 4 ) .
Three s p e c i a l  c a s e s  o f  chrom ic a c id  o x id a t io n  are  
w orth ir e n t io r in g . ^ ^ -B en zoylp h ery lsp arten ore (LJTIX) can be  
m*»de t o  y ie ld  th e  d ik e to o c tm h y d r o n u in o li? ln e  LIXT, 5 -am ino:  







The chrom ic a c id  o x id a t io n  o f  r e tr o n e c a n o l (LXXXII) 
y ie ld e d  a p rod u ct w hich  i s  p rob ab ly  o ( - p ic o l in io  a c id  (195) # 
The fo rm a tio n  o f  a p y r id in e  d e r iv a t iv e  i s  r a th e r  u n e x p e c te d ,  
and p ro b a b ly  ta k e s  p la c e  a c c o rd in g  to  th e  f o l lo w in g  schem e•
CHqOH COOH
COOHCOOH
The th ir d  s p e c i a l  c a s e  o f  o x id a t io n  w ith  chrom ic  
a c id  in v o lv e s  s im p le  d eh y d ro g en a tio n  o f  th e  sa tu ra ted  compound, 
s p a r t e in e ,  to  one c o n ta in in g  an e t h y le n ic  bond . The p o s i t io n  
o f  t h i s  d o u b le  bond d o es n o t appear to  have been  f i x e d ,  in  any 
c a se  i t s  fo r m a tio n  i s  r a th e r  e x c e p t io n a l  ( 1 9 6 ) .
The a p p l ic a t io n  o f  perm anganate to  th e  o x id a t io n  o f  
t r o p in e  (LXXIII) under m ild  c o n d it io n s  b r in g s  ou t in  a s t r ik in g  
manner th e  v a r i a b i l i t y  o f  th e  a c t io n  o f  t h i s  r e a g e n t .  T h is  
i s  t h a t ,  w h ereas in  a c id  s o lu t io n  tr o p in e  i s  o x id is e d  to  
t r o p in on e ( 1 9 7 ) ,  in  a lk a l in e  s o lu t io n  th e  a lc o h o l  group rem ains  
in t a c t  and i t  i s  th e  N -raethyl group w hich i s  a t ta c k e d , th e  
p rod uct b e in g  n o r - tr o p in e  ( 1 8 7 ) .
T reatm ent o f  compounds such  as m e th y lc y t  i s  in e  (1 9 7 ) ,  
lu p a n in e  ( 1 9 6 ) ,  and a n a g y r in e  (199) w ith  th e  c a lc u la te d  
q u a n t ity  o f  perm anganate in  n e u tr a l  aqueous s o lu t io n  r e s u l t s  
in  th e  s im p le  o x id a t io n  o f  N-CHg t o  N-CO; o c t a lu p in e ,  in  
w hich  b o th  n itr o g e n s  form  p a r t  o f  a c y c l i c  amide grou p , i s
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s t a b le  to  th e  r e a g e n t  in  th e  co ld  (?,0 0 ) .
Two o f  s e v e r a l  o b s e r v a t io n s  w h ich  do n o t seem t o  
have b een  e x p la in e d  a re  th e  o x id a t io n  o f  gran atam in e (U0C2CIII) 
by perm anganate to  an ozygranatam ine by th e  a d d it io n  o f  ono 
oxygen  (201 ) ,  and th e  o x id a t io n
NH
LXXXIII
o f  n o n a lu p in e , presum ably an isom er o f  lu p a n in e , t o  a compound 
formed by th e  a d d it io n  o f  two oxygen  atoms n e i t h e r  o f  w hich  
ap pears to  form  p a r t o f  a N -o x id e  group (202 )*
Chromic a c id  under m ild  c o n d it io n s  has been  used  
f o r  th e  o x id a t io n  o f  prim ary and secon d ary  a lc o h o ls  r e s p e c t iv e ly  
to  c a r b o x y l ic  a c id s  and k e to n e s .
N i t r i c  a c id  can be s a id  n o t to  have found u s e f u l  
a p p l ic a t io n  in  t h i s  grou p , o f  th e  th r e e  u n im p ortant c a s e s  found  
o f  i t s  u s e ,  two w ere con n ected  w ith  s p a r t e in e ,  and th e  o th e r  
w ith  oar p a n ic  a c id  (LXXXHT).
CHg
KOOC(CH„) COOH 2 'n
^NH -(CHg)»-COOH s u b e r ic ,  n=6.
OH - . ^LXXXIV a z e l a i c ,  n=?.
O x id a tio n  o f  LXXIV w ith  n i t r i c  a c id  y i e l d s  a
m ixtu re o f  a z e la i c  and su b e r ic  a c id s ;  perm anganate on th e
o th e r  hand y i e l d s  s u b e r ic  a c id  o n ly  (2 0 3 ) ,  a z e la i c  a c id  was
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o b ta in e d  by th e  perm anganate o x id a t io n  o f  th e  e t h y le n ic  
compoimd, anhydrooarpam io a c id  (<^04). Chromic a c id  end ozone  
have a l s o  been  a p p lie d  to  LXXXIV and i t s  d é r i v â t iv e e w ith o u t  
however y ie ld i n g  a n itr o g e n o u s  product*
Hydrogen p ero x id e  has been  s u c c e s s f u l l y  used  t o  r in g  
open two c y c l i c  secon d ary  am ines: c o n iin e  to  th e  amino a id  ehyd e
LXXXV in  15% y ie ld  (205) and c y t i s i n e  to  th e  amino a c id  






Such r in g  o p en in g s  m ust in  some way be co n n ected  
w ith  th e  seco n d a ry  amino gro u p , f o r  t e r t i a r y  c y c l i c  am ines 
a re  r e s i s t a n t *  An exam ple o f  th e  r e l a t i v e  u n r e a c t iv i t y  o f  
th e  l a t t e r  i s  found in  th e  o x id a t io n  o f  sin om en inon e sœ id  by  
30% hydrogen p ero x id e  in  g l a c i a l  a c e t i c  a c id  a t  100° in  w hich  
f i s s i o n  o f  an c<-d ik e to  group to  a d ic a r b o x y l i c  a c id  o c c u r s ,  
v /h ile  a N -m ethylp  ip e r  id  in e  r in g  rem ains i n t a c t  ( 2 0 7 ) .
B e s id e s  in  th e  norm al f i s s i o n  o f  an e t h y le n ic  bond 
( e . g . 2 0 8 ) ,  ozon e has found an a p p l ic a t io n  in  th e  o x id a t io n  o f
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th e  o<-pyridone r in g  Ir th e  ooinpounds t e tr a h y d r o h e m ic y t ls y le n e  





PART IV . iiLKALOIDS OF UimmWN CONSTCTuTION
There i s  l i t t l e  or  n o th in g  to  be s a id  about 
a lk a lo id s  o f  unknovm c o n s t i t u t io n ,  f o r  o n ly  r e l a t i v e l y  few  
o x id a t io n s  in v o lv in g  th e  fo rm a tio n  o f  sm a ll o r  i d e n t i f i a b l e  
fragm en ts have been  c a r r ie d  o u t on them n o t enough t o  en a b le  
one p r o f i t a b ly  to  d is c u s s  p o s s ib le  g e n e r a l  tr e n d s  or  to  deduce  
an y th in g  about t h e ir  s t r u c t u r e .
The i ie o n ite  and D elph in ium  a lk a lo id s ,  f o r  exam p le, 
form  a v e r y  la r g e  group o f  c l o s e l y  r e la t e d  compounds: a lth o u g h
much work h as been  done on them , r e l a t i v e l y  l i t t l e  i s  known 
about th e  n a tu re  o f  th e  common s k e le t o n ,  and th e  l i t t l e  th a t  
i s  known i s  th e  outcom e o f  d eh y d ro g en a tio n  ex p er im en ts  
(C f .2 1 4 ) ;  o x id a t io n s  have thrown b u t l i t t l e  l i g h t  on th e  
problem , m ost o f  them h a v in g  been  l im it e d  e i t h e r  to  th e  
c o n v e r s io n  o f  a lc o h o l i c  grou p s to  k e to  by means o f  chrom ic  
a c id  ( e . g . 209) or to  th e  ch an ge, shown b e lo w , by means o f  
perm anganate ( e . g . 210 ) .
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—N—R- —NH
—C H g —GO
^R=Me or S t)
Of i n t e r e s t  i s  th e  fo rm a tio n  o f  form aldehyde and 
o f  aoe t a ld eh yd e by th e  o x id a t io n  r e s p e c t iv e ly  o f  N -m ethyl and 
N -e th y l c o n ta in in g  A co n ite  a lk a lo id s  w ith  perm anganate ( e . g . 2 1 3 ) .  
More v ig o r o u s  o x id a t io n  w ith  n i t r i c  a c id  (211) and w ith  
perm anganate (209) has n ot le d  to  th e  fo rm a tio n  o f  r e c o g n is a b le  
fra g m en ts .
An a lk a lo id  from  Stemona S a s s i f o l i a  w hich  i s  
p o s s ib ly  s t r u c t u r a l ly  r e la t e d  to  th e  A co n ite  group was found  
t o  be s t a b le  to  n i t r i c  and chrom ic a c id s ,  b u t o x id is e d  by  
perm anganate to  y i e ld  l - m e th y ls u c c in ic  a c id  a s th e  o n ly  
c r y s t a l l i n e  p rod u ct (2 1 2 ) .
PART V . THE RmîAINING OXIDISING AGENTS.
As has been  s e e n , th e  m ost u s e f u l  and w id e ly  
em ployed o x id is in g  a g en ts  have been  perm anganate, chrom ic a c id ,  
and n i t r i c  a c id .  Hydrogen p e r o x id e  and ozone have p la y ed  a 
much sm a lle r  but n e v e r th e le s s  s i g n i f i c a n t  r o l e .
Of th e  rem ain in g  o x id is in g  a g e n ts ,  perhaps m ercu ric  
a c e t a t e  has b een  o f  g r e a t e s t  v a lu e .  I t  i s  p u r e ly  a dehydro:
: g e n a t in g  a g e n t . I t s  a c t io n ,  how ever, need n o t a lw ays le a d  
t o  th e  fo rm a tio n  o f  arom atic  r in g s ,  as i s  shov/n by i t s
— 87 —
c o n v e r s io n  o f  s p a r t e in e  m e th o a c e ta te  in t o  d eh y d r o o p a r to in e  
m e th o a c e ta te  by th e  l o s s  o f  two h yd rogen s ( 2 1 5 ) .  I t s  
m ost g e n e r a l  a p p l i c a t io n  h a s b een  in  th e  c o n v e r s io n  o f  
I T -a lk y lt e t r a l iy d r o is o q u in o lin e s  o f  th e  c o r y d a l in e  ty p o  
(LXXXVTII) t o  q u a tern a r y  is o q u in o l in iu m  s a l t s  ( e . g . 2 1 6 ) .
CH3Ü





In  t h i s  r e s p e c t ,  th e  a c t io n s  o f  m ercu r ic  a c e t a t e  
and o f  io d in e  a re  i d e n t i c a l ,  th e  l a t t e r  r e a g e n t  a l s o  dehydro:  
: g e n a t in g  c o r y d a l in e  l i k e  b a s e s  to  q u a tern a ry  is o q u in o l in iu m  
s a l t s  ( 8 3 ) .  A p o in t  t o  n o te  i s  t h a t  i n  su ch  dehydro:
:g e n a t io n s  r in g  B (LXXXVIII) i s  a lw a y s th e  one t o  be 
a r o m a tise d ;  co m p le te  d eh y d r o g en a tio n  in v o lv in g  th e  two  
OH2 g rou p s o f  r in g  A d o cs n o t o c c u r .
An i n t e r e s t i n g  and com plex  c a s e  o f  d eh ydro; 
:g e n a t io n  i s  t h a t  o f  em etin e  (LXXXIX?) w h ich  w ith  th r e e  or  
fo u r  oxygen  e q u iv a le n t s  o f  e i t h e r  io d in e  or  m erc u r ic  a c e t a t e  
y i e l d s  th e  deep red  q u a tern a r y  ammonium compound, ru b rem etin e  
( 217 ) ,  b e l i e v e d  t o  have th e  s t r u c t u r e  XC (B a t te r s b y  and 
O penshaw).
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The s im p le  d e h y d r o g e n a tio n  o f  h e x a -  t o  t e t r a -  
h y d r o c a r b a z o le  hy means o f  m er c u r ic  a c e t a t e  h a s  a lr e a d y  
b een  m en tio n ed  ( p .  «59 ) ,  The a c t i o n  o f  th e  r e a g e n t  may 
som etim es le a d  t o  d eep  s e a t e d  d e h y d r o g e n a tio n  a s  i s  th e  
c a s e  w ith  s o la n o c a p s in e ,  p r o b a b ly  a  f i v e  r in g  f u l l y  
s a tu r a te d  compound, w h ich  l o s e s  a b o u t f i v e  m o le c u la r  
p r o p o r t io n s  o f  h y d ro g en  t o  y i e l d  a  c o l o u r l e s s  am orphous 
b a s ic  p r o d u c t ( 218 ) .
Lead t e t r a a c e t a t e  h a s  b e en  u se d  by W itkop a s  
d e h y d r o g e n a tin g  a g e n t  on ap oyoh im b in e (2 1 9 )»  T h is  a u th o r  
r e p o r te d  h i s  f a i l u r e  t o  r e p e a t  th e  sajue ty p e  o f  dehydro  : 
; g e n a t io n  c a r r ie d  o u t e a r l i e r  by Hahn on y o h im b in e  (XCI) 
i t s e l f  ( 220 ) .
X C I OH OH
“  89 "
Lead t e t r a a c e t a t e  h a s a l s o  b een  u sed  a s  o x id i s in g  
a g e n t  in  th e  f i s s i o n  o f  ( x -g ly c o l  (9 8 )  and o f  o^-hydroxyketo  
( 1 3 7 ) f r o u p s .  S u r p r is in g ly  enough n e i t h e r  t h i s  r e a g e n t  
n o r  p e r io d ic  a c id  w ere found to  a t ta c k  th e  ( / - g l y c o l  group  
p r e s e n t  i n  ly ccra m in e  ( 9 7 ) .
A c o u p le  o f  d e h y d r o g e n a tio n s  in v o lv in g  th e  
c o n v e r s io n  o f  p y r r o l id in e  to  p y r r o le  have b een  c a r r ie d  ou t  
w ith  s i l v e r  o x id e  i n  aqueous s u s p e n s io n  a t  1 0 0 ^ (2 2 1 ) .
Bromine h a s b een  em ployed in  th e  s tr y c h n o s  f i e l d  
i n  th e  breakdown o f  th e  n itr o -o r th o q u in o n e  r in g  o f  
c a c o t h e l in e s  (2 2 2 )  and in  th o  f i s s i o n  o f  th e  e t h y le n ic  
bond i n  n u c in e  and n u c id in e  d e r i v a t iv e s  ( 2 2 3 ) .
P o ta ss iu m  f e r r ic y a n id e ,  s i l v e r  n i t r a t e ,  and 
g o ld  c h lo r id e  have a l l  o x id is e d  m orphine a lk a lo id s  to  
d im ers in v o lv in g  c o u p lin g  a t  a p o s i t i o n  p ara  t o  a f r e e  




The u se  o f  p o ta ss iu m  f e r r ic y a n id e  i n  th e  
c o n v e r s io n  o f  p y r id in iu m  h y d r o x id e s  t o  o i-p y r id o n e s  h as  
a lr e a d y  b een  r e f e r r e d  to  (p . 70 ) .
O ppenauer*s o x id a t io n  ( 2 1 9 ) ,  a n o d ic  o x id a t io n  
( 225 ) ,  e h lo r a n i l  ( 2 2 6 ) ,  s e le n iu m  d io x id e  ( 2 2 7 ) ,  and g a se o u s
-  90 -
o x ^ Q e n  (2 2 8 )  a l l  foun d  v e r y  l i m i t e d ,  and f o r  th e  p u rp ose  
o f  t h i s  s e c t i o n ,  u n in t e r e s t in g  a p p l i c a t io n ,
NOTE IN CONCLUSION
The perm anganate o x id a t io n  o f  compounds 
c o n t a in in g  a se co n d a r y  o r  t e r t i a r y  n i t r o g e n  i s  i n  many ways 
i n t e r e s t i n g .  The num erous o b s e r v a t io n s  made so  f a r  on  
a l k a l o i d s  i n  many r e s p e c t s  show r e g u la r  b e h a v io u r , b u t i n  
some a  r a t h e r  p u z z l in g  in c o n s i s t e n c e .
The r e g u la r  b e h a v io u r  i s  s e e n  i n  th e  rea d y  
o x id a t io n  o f  th e  ca rb o n  i n  {^ O -N :, where i s  an a ro m a tic  
n u c le u s  and N i s  b a s ic ;  i n  th e  r e s i s t a n c e  o f  th e  g r o u p in g  
P^~N-CH2 . t o  th e  a c t io n  o f  th e  o x id i s in g  a g e n t ,  th o u g h  o n ly  
two su ch  c a s e s  w ere fou n d ; i n  th e  o x id a t io n  o f  th e  group -  
CRg-N-0E^-0(0H )-'0II(O H )- ( s t r y c h n o s  a l k a l o i d s ,  s e e  p . 73 ) ;
w h ich  in v a r ia b ly  o c c u r s  a t  th e  ca rb o n  marked w ith  an a s t e r i s k ;  
and i n  th e  a t ta c k  o f  I^ m eth y l o r  - e t h y l  g ro u p s i n  n e u t r a l  
o r  a l k a l i n e  s o l u t i o n .  The in c r e a s e  i n  s t a b i l i t y  o f  th e  
N -m eth y l group i n  a c id  s o l u t i o n  seem s t o  be s i g n i f i c a n t ,  
b u t h a s  o n ly  b een  o b se r v e d  i n  th e  c a s e  o f  t r o p in e .
Tbree p o in t s  p r e s e n t  d i f f i c u l t i e s :  f i r s t ,  a lth o u g h
t h e  b a s ic  iN-GHg. b o th  i n  th e  lu p in e  a lk a lo id s  and i n  d ih y d ro  : 
i s t r y c h i n e  d e r i v a t iv e s  i s  w e l l  rem oved from  p o in t s  o f  
u n s a t u r a t io n ,  t h a t  i n  th e  form er group a p p ea rs  t o  be much 
more e a s i l y  o x id is e d  th a n  t h a t  i n  th e  s t r y c h n o s  group;
9 1
th e n  coiaes th e  f a c i l e  a p p a r e n t ly  anom alous o x id a t io n  o f  
b e n z o y la n a b a s in e  (p . 7 5  ) ,  and f i n a l l y  v a r io u s  o x id a t io n s
in v o lv in g  th e  a d d i t io n  o f  oxÿ’g e n .
fh e  c o r r e l a t i o n  o f  a l l  t h e s e  o b s e r v a t io n s ,  
su p p o rted  by num erous m odel e x p er im e n ts  on a  s e r i e s  o f  
t e r t i a r y  b a s e s  c a r r y in g  v a r io u s  s u b s t i t u e n t s  i n  th e  
v i c i n i t y  o f  th e  n i t r o g e n ,  w ould v e  v e r y  i n t e r e s t i n g ,  
and w ould v e r y  p ro b a b ly  sh ed  l i g h t  on th e  m echanism  o f  
th e  o x id a t io n .
EXPERIMENTAL SECTiOÀ 
A l l  m e lt in g  p o in t s  are c o r r e c te d
The U .V . a b s o r p t io n  m easurem ents w ere v e r y  k in d ly  
c a r r ie d  ou t by D r .G illa m  o f  M an ch ester  U n iv e r s i t y ,  o 
A n a ly se s  a re  by D r s .W e ile r  and S tr a u s s  o f  O xford .
•“ 9 2 •“
COLOUiî RülACTIOE OF ASPIDOSIIÎü! AIU) OF OTHER HIEEOIIC
oivT'ormji: — Â sî'ia o sx n e
Il ■ I m i , .  i i i i — ■ ^ ■i i ii^ iw  i n  m m wi m  t i w i i  m i h mm   —  —  ■ ■ i • ••  m mi tmirm 0 \
V3 mg. )
8 -H ydroxyhexal'iydrocarb azole ( 2  mg. ) and p h e n o l  
(1  xag.)> w ere ea ch  added to  a s e p a r a te  20 c . c . p o r t i o n  o f  
h o r a x -h u f fe r  (p H9 . 2  ) co n ta .ln iiig  4 mg* o f  th e  c h lo r o im id e  
In  s u s p e n s io n . P h en o l le d  t o  th e  r e l a t i v e l y  r a p id  
for^ nation  o f  a deep  b lu e  colo^or, 8 -b y d ro x ;d iex a h y d ro ca r: 
r h a z o le  t o  t h e  fo r m a tio n  o f  a  l i l a c  c o lo u r ;  a c p id o s in e  
r e a c te d  mucb Xuoro s lo w ly ,  th e  c o lo u r  g o in g  tliro u g h  y e l lo w  
and orange to  a v e r y  i n d e f i n i t e  hrovm lsh  m u v a  o v er  a  
2-er io d  o f  eb ou t one h o 'ir ,
S a l i c y l i c  a c id  r e a c te d  c x t r c v c ly  s lo v /ly  t o  
g iv e  a b lu e  t i n t ,  p u r i f i e d  d iraeth y l anili'^ te gave a p a le  
g r e e n ;  o -  and p -am in op h en o l were o f  no v a lu e ,  f o r  t h e i r  
s o l u t i o n  i n  th e  boxvix b u f fe r  darkened r e l a t i v e l y  r a p id ly .
A ttem pted  e l e c t r o l y t i c  r e d u c t io n  o f  d e a c e ty la s p id o s p e n o in e  
A s o l u t i o n  o f  d o a c e ty la o p id o sp e r m in e  ( , 2 3 2  g , ) 
i n  50^  s u lp h u r ic  a c id  (5 0  o , o ,  ) was p la c e d  i n  th e  ca th o d e  
com partm ent o f  an e l e c t r o l y t i c  c e l l ,  th e  e l e c t r o d e s  o f  
w hich  were pure s h e e t  le a d ,  A c u r r e n t  o f  ab ou t ,0 3  anQ),
p e r  sq .cm , was p a sse d  f o r  l i  h r s , ,  th e  te m p e ra tu r e  b e in g
c
k e p t  a t  3 0 -5 0  by e x t e r n a l  c o o l in g .
The d i lu t e d  c o l o u r le s s  ca th o d e  s o l u t i o n  was 
worked up f o r  b a s ic  r o a te r ia l ,  w hich  was o b ta in e d  a s  a  
p a le  brown syru p  ( .303  g ,  a f t e r  s ta n d in g  f o r  3 h r s ,  i n
— 9 s  —
v a c u o ) :  t h i s  p a r t i a l l y  c r y s t a l l i s e d  on s ta n d in g *  In  an
a tte m p t to  d e c o lo u r is e  th e  p r o d u c t , i t s  s o l u t i o n  i n
a c e to n e  was b o i l e d  w ith  a c t iv a t e d  c h a r c o a l f o r  t h r e e
m in u te s :  s u r p r i s in g l y  enough , t h i s  tr e a tm e n t ren d ered
th e  s o l u t i o n  deep  red  in  c o lo u r .  f The c h a r c o a l was
fou n d  t o  be p e r f e c t l y  c le a n  : t h i s  deej^ening in  c o lo u r
i s  m ost p ro b a b ly  due t o  e th e r  p e r o x id e  p r e s e n t  in  th e
e t h e r  u sed  f o r  th e  i s o l a t i o n  o f  th e  b a s ic  m a t e r ia l ,  f o r
t h i s  e t h e r  had n o t  b een  t r e a t e d  v d th  FeSO, o r  so d iu m ).
4
The de op red  a c e to n e  s o lu t io n  was g r a d u a l ly
d i lu t e d  w ith  w a te r , when, on s c r a t c h in g ,  im pure d e a c e t y l :
o o
sa sp id o sp erm in e  m .p .9 9*5-101*5  s i n t . 9 0  s e p a r a te d  ou t
(5 7  m g . ) .  C o n c e n tr a tio n  o f  th e  m other l iq u o r  y i e ld e d  a
seco n d  crop  o f  th e  b a se  a s  a  p a le  brown pow der, m .p .9 4 -9 8 ^
s i n t . 8 0 ^ (4 7  )• The m other l iq u o r  c o n ta in e d  a  s t i f f
re d  gum (1 1 4  mg. ) v/h ich was d i s t i l l e d  a t  170^ /*  3 ram. t o
y i e l d  a  y e l lo w  r e s i n  (7 0  m g . ) w hich  c o u ld  n o t  be in d u ced
t o  c r y s t a l l i s e *  T h is  r e s i n  was a c e t y la t o d  ( Ac^O i n  th e
p r e s e n c e  o f  a t r a c e  o f  IlgSO^ ) t o  a c r y s t a l l i n e  s o l i d  w hich
b eg a n  t o  s i n t e r  a t  170*^, m e lt  a t  1 8 5 ° , fJ.ow a t  200^ , b e in g
0
c o m p le te ly  m o lte n  a t  206 * S u b lim a tio n  and c r y s t a l l i s a t i o n  
y ie ld e d  f a i r l y  pure a sp id o sp erm in e  m*p*2 0 4 -2 0 9 °  w ith  
s i n t e r i n g .
Tiie r e c o v e r y  o f  d e a c e ty la s p id o s p e r m in e  am ounted  
t o  70-75/^ a s  im pui‘e m a t e r ia l .
9 4  -
j3eaoetylasp idospe2*m ine was r e c o v e r e d  unchanged  
a f t e r  h e a t in g  i n  e x c e s s  50^ s u lp h u r ic  a c id  a t  5 0 -7 0 ^  f o r  
8 h r s .  O ther oxp orir .icn ts showad th e  b a se  t o  he  
c o m p le te ly  r e s is t s x n t  t o  a tm o sp h er ic  o x id a t io n .
A ttem pted e l e c t r o l y t i c  r e d u c t io n  o f  y o h im b in e ,
A p r e v io u s  ex p er im en t had showi. t h a t  yoh im b in e  
can be r e c o v e r e d  i n  85-90^^ y i e l d  a f t e r  s ta n d in g  f o r  24 h r s .  
in  e x c e s s  o f  50^ t aq ueous H^SO  ^ a t  15^ . A s o l u t i o n  o f  
yoh im b in e h y d r o c h lo r id e  ( 1 . 2  g .  ) i n  5 0 /o  aq ueous HgSO^ was 
red u ced  e l e c t r o l y t i c a l l y  b etv /een  le a d  e l e c t r o d e s  ( .0 3  a m p ./  
sq .cm . f o r  6 h r s .  a t  1 0 -1 5 ^ , th e  w hole b e in g  c o o le d  by  
iim n ersion  in  i c e  w a te r ) .  About 8$^ ( . 7 0  g .  ) o f  th e  
yoh im bine was r e c o v e r e d .
Form ’^ld e  ac e t y la s p id o  sp erm i n e .
Pure d e a ce ty j .a sp id o sp e rr d n o  (2 6  mg. ) was h e a te d  
w ith  90?  ^ fo im iic  a c id  (2  c . c . )  on th e  steam  b a th  f o r  two 
h o u r s . The r e a c t io n  i c d x t n r e  was worked up f o r  th e  b a s ic  
fo im y l d e r i v a t iv e ,  w h ich  was o b ta in e d  a s  a  w h its  c r y s t a l l i n e  
powder m .p .1 4 8 -1 5 0 ° , s i n t . 145^ (27  m g . , 9 6 ^ ) . T h is  s u b s ta n c e  
c r y s t t t l l i s e c  from  aq ueous e th a n o l a s  lo n g  c o l o u r l e s s  
n e e d le s ,  m .p .1 4 ^ ^ 150°, s i n t  1 4 6 ° .
M é th y la t io n  o f  a s p id o s i n e .
A r a th e r  im pure sp ec im en  o f  a s p id o s in e ,  
m .p .2 4 4 -2 4 9 °  w ith  p r e v io u s  s in t e r i n g  (2 2  m g . ) ,  was t r e a t e d
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^xc3GS othornn..l iiio ; :-%nu th 9  w hole o^.lov^od
t o  r l t h  o co a iy lo n a l AhakiiiG f o r  24 h r o . The r e o u l t i i i g
éiroan s o l u t i o n  was thoz'ou^ h ly  e x t r a c t e d  w ith  20f> aqueous  
icon, th e n  w ith  d i l u t e  HOI: th e  a c id  e x t r a c t  was b a s i f i e d
and e x t r a c te d  w ith  e t h e r ,  th e  d r ie d  e t h e r  s o l u t i o n  b o i l e d  
down, and th e  r o s id u a l  ^ o e n  gim  a llo w e d  t o  s ta n d  i n  vacu o  
f o r  24 h r s .  (3 5  m g . ) .  S h ort p a th  d i s t i l l a t i o n  o f  t h i s  
n ia t e r ia l  a t  1 6 0 ^ / .  2 mm. ( 4 h r s . )  y i e ld e d  a g r e e n  g l a s s  
(1 8  m g . ) ;  th e  r e s id u e  was v e r y  dark (6  m g . ) .  The 
d i s t i l l e d  m a te r ia l  cuu].d n o t be in d u ced  t o  c r y s t a l l i s e ;  
th e  c o lo u r  r e a c t io n s  w ith  FoGl^ and conc.HKO^ wore i d e n t i c a l  
w ith  t h o s e  o f  d e a c e ty la s p id o s p e r m in e . A o e t^ la t lo n  o f  th e  
p ro d u c t (AogO i n  th e  p r e s e n c e  o f  a  t r a c e  o f  H^SO^) gave  
an amoi*phous s o l i d  w hich  c r y s t a l l i s e d  p a r t i a l l y .  I t  was
c r y s t a l l i s e d  from  th e  minimum o f  e t h a n o l ,  when th e  p ro d u ct
0 c
was found  t o  h ave a  m .p . o f  1 9 8 -2 0 0  , s i n t  196 (2  m g . ) ,  
u n d ep ressed  by a d m ix tu re  w ith  a sp id o sp e r m in e .
A c t io n  c f  m eth y l io d id e  on a s p ld o s p e r m in e .
A s o l u t i o n  o f  th e  pure a lk a lo id  ( . 2 0  g . ) i n  Mel  
(1  c . c . )  and MeOH(l c . c . )  was a llo w e d  t o  s ta n d  a t  room  
tem p era tu re  f o r  24 h r s .  The s o lv e n t s  w ere th a n  b o i l e d  
o f f ,  and th e  c r y s t a l l i n e  r e s id u e  d r ie d  i n  vacu o  ( . 2 0  g . ) ,  
m .p. and m ixed m.p.  i d e n t i c a l  w ith  t h a t  o f  th e  s t a r t i n g  
m t e r i a l .
— 9 6 —
M e th y ld e a c e ty la sp id o s p e r m in e  N(a)  m onom othiod ide h y d r io d id e .
A s o l u t i o n  o f  d o a c e ty la sp id o sp o r m in e  ( . 1 2 8  g , ) 
i n  Mel ( 1  c . c . )  and MeOH (1  c . c . )  was a llo w e d  t o  s ta n d  f o r  
43 h r s .  The s o lv e n t s  w ere b o i le d  o f f  and th e  c r y s t a l l i n e  
p r o d u c t, a f t e r  d ig e s t i o n  w ith  h o t a c e to n e ,  v /e ighed  .1 9 3  S* 
The a c e to n e  s o lu b le  r e s in o u s  m a te r ia l  (5 1  m g . ) was t r e a t e d  
w ith  Mel-MeOH f o r  a f u r th e r  48 h r s . , when a f u r t h e r  32 mg. 
o f  m e th io d id e  w ere o b ta in e d . The t o t a l  y i e l d  o f  p ro d u ct  
m .p .1 7 8 -1 7 9 °  d e c . ,  s i n t .  1 7 6 ° , was 88^
Pure m e t l iy ld e a c e ty la s p i  do sp erm in e N(a)  mono : 
:m o th io d id e  h y d r io d id e  i s  f a i r l y  s o lu b le  i n  c o ld  w a te r ,  
fo rm in g  a s o l u t i o n  w hich  i s  s l i g h t l y  a c id  t o  l i t m u s ;  i t  
i s  s i j a r in g ly  s o lu b le  i n  h o t  e th a n o l b u t r e a d i l y  so  i n  h o t  
m eth a n o l, from  w hich  i t  s e p a r a te s  ou t on c o o l in g  a s  c o lo u r :  
: l e s s  p o in te d  p r ism s , m . p . l 80° d e c . , v a r y in g  w ith  th e  r a t e  
o f  h e a t in g .  (Found: 0 , 4 2 . 2 5 ;  H,5*6 ;  1 , 4 1 * 9 .  022^^30^21 . HI 
r e q u ir e s  0 , 4 4 . 3 ;  11,5.75;  1 , 4 2 . 6 0^) .
M e th y ld e a c e ty la sp id o sp e r m in e  H(a) m on om eth iod id e .
A s o l u t i o n  o f  th e  m e th io d id e  h y d r io d id e  ( . 1 8 5  g . ) 
i n  h o t  w a te r  (4  c . c . )  was t r e a t e d  w ith  an e x c e s s  o f  Ka^OO  ^
(30  m g . ) .  The amorphous m eth io d id e  w h ich  s e p a r a te d  ou t  
was w e l l  e x t r a c t e d  w ith  ch lo r o fo rm ; rem ova l o f  t h i s  
s o lv e n t ,  and ru b b in g  w ith  a l i t t l e  m eth an o l r e s u l t e d  i n  
c r y s t a l l i s a t i o n  t o  a p ro d u ct m . p . 179- 180® (.135  g . , 93^ ) .
^  s
Pure m etliy l d e a o e ty la s p id o s p e r m in e  N(a)  m e th io d id e  i s
s p a r in g ly  s o lu b le  i n  w a ter  and i n  e t h y l  a c e t a t e ,  v e r y
s o lu b le  i n  e th a n o l  and i n  m eth an o l t o  g iv e  s o l u t i o n s
w hich  a re  a lk a l i n e  to  l i t m u s ;  i t  s e p a r a te s  from  MeOH—
StOAc a s  r o s e t t e s  o f  lo n g  c o l o u r le s s  n e e d le s ,  m.p.
o 0
v a r y in g  from  179 t o  I 83 d ep en d in g  on th e  r a t e  o f  h e a t in g
(Found; C , 5 5 . 8 ;  H , 7 . 1 5 ; I ,  27 .05*  22^^33^^^2  ^ r e q u ir e s
0 , 5 6 . 4 ;  H , 7 . 1 ;  1 , 2 7 . 1 ^ ) .
A m ix tu re  o f  m e th io d id e  and m e th io d id e  h y d r io :
o o
: d i d e  h a s  a m e lt ir ^  p o in t  o f  161-165  d e c . ,  s i n t  158 .
A d d it io n  o f  e x c e s s  c o l o u r l e s s  aqueous HI t o  an  
e t h a n o l i c  s o l u t i o n  o f  th e  m onom eth iod ide r e s u l t s  i n  th e  
p r a c t i c a l l y  q u a n t i t a t iv e  s e p a r a t io n  o f  th e  m e th io d id e  
h y d r io d id e .
Hofmann d e g r a d a t io n  o f  m eth y ld ea ce tz^ la sp id o sp er m in e  H ( a ) 
m onom ethiodi de7
E x c e ss  o f  f  r e  s i l ly  p r e c ip i t a t e d  Ag^O was added
t o  a w e l l  s t i r r e d  s o l u t i o n  o f  th e  m onom eth iod ide h y d r io d id e
i n  w a te r . j l f t e r  3 h ours*  s t i r r i n g  i n  th e  d ark , th e  m ix tu re
was f i l t e r e d ,  and th e  l ” f r e e  s o l u t i o n  b o i l e d  down t o  d r y n e ss
i n  v a c u o . The r e s id u e  was h e a te d  on th e  steam  b a th  a t
10 mm. f o r  fo u r  h o u r s , and th e n  worked up f o r  b a s i c ,  non
q u a tern a ry  m a t e r ia l .  The "Hofmann b a se"  was o b ta in e d  a s
a v i s c o u s  sy ru p , d i s t i l l i n g  i n  th e  s h o r t  p a th  a p p a ra tu s
a t  1 0 0 -1 2 0 ^  (b a th  t e m p .) /1 0  ^  mm. T h is  m a te r ia l  r e a c te d
— 98 —
r e a d i l y  w ith  m eth y l io d id e  a t  room tem p e r a tu r e :  tw o days*
G tan d ir^  gave an S4-f° y i e l d  o f  a m e th io d id e  m.p.  1 7 7 -1 7 8 ^ ,  
u n d e p r e sse d  by ad m ixtu re  v /ith  pure m e th y ld e a c e ty la s p id o  :
: sp erm in e N(a)  m on om eth iod id e.
C o u p lin g  o f  d ia z o b e n z e n e s ix lp h o n ic  a c id  w ith  th e  "Hofmann 
ba se ^  and w ith  o th e r  com pounds.
A s o l u t i o n  o f  th e  Hofmann b a se  i n  d i l u t e  a c e t i c  
a c id  was t r e a t e d  w ith  s l i g h t l y  more th a n  one e q u iv a le n t  
o f  d ia z o b e n z e n e su lp h o n ic  a c id  i n  d i l u t e  HgSO^: im m ed iate
fo r m a tio n  o f  a  v e r y  in t e n s e  m agenta c o lo u r  o c c u r r e d . In  
a g r e a t l y  d i lu t e d  s o l u t i o n ,  t h i s  c o u p lin g  p ro d u ct b eh a v es  
a s  an in d i c a t o r ,  b e in g  m agenta i n  a c id  and b row n ish  p in k  
i n  a l k a l i .
D e a o e ty la sp id o sp e r m in e  c o u p led  v ,lth  d ia z o b e n z e n e  : 
:8 u lp h o n ic  a c id  more s lo w ly  t o  g iv e  a much w eaker m agenta  
c o lo u r .  H ere a g a in  t h e  p ro d u ct b eh a v es  a s  an i n d i c a t o r ,  
b e in g  m agenta in  a c id  and oran ge i n  a l k a l i .
A sp id osp erm in e and d e a c e ty ln it r o a s p id o s p e r m in e  
d id  n o t  c o u p le  a t  a l l ;  a  s o l u t i o n  o f  c a r e f u l l y  p u r i f i e d  
d im e t h y l - p - t o lu id in e  c o n t a in in g  an e x c e s s  o f  d ia z o b e n z e n e :
: s u lp h o n ic  a c id  rem ained  c o l o u r l e s s  f o r  th e  f i r s t  30 m in u te s ,  
th e n  s lo v /ly  d e v e lo p e d  a re d  c o lo u r .
A c t io n  o f  m eth y l io d id e  on m e th y ld e a c e ty la s p id o s p e r m in e  
IlÇaJ m on om eth iod id e.
a )  The m onom eth iod ide (33  m g . ) was h e a te d  w ith
-  9 9  -
e x c e s s  Mel i n  a  s e a le d  tu b e  a t  1 0 0 °  f o r  2 h o u r s . The 
p a le  y e l lo v /  p ro d u c t w hich  had c r y s t a l l i s o d  ou t was f i l t e r e d  
o f f ;  i t  had a m.p.  o f  1 9 7 -1 9 9 °  d e c . s i n t . ,  f a i r l y  r a p id  
h e a t in g  (2 1  m g . ) ;  a  f u r t h e r  q u a n t i ty  (8  mg. )  was o b ta in e d  
by b o i l i n g  dov/n th e  m other l iq u o r  and d ig e s t in g  t h e  r e s id u e  
w ith  h o t a c e to n e .  Thd.s p ro d u ct i s  v e r y  s o lu b le  i n  w a ter  
and s p a r in g ly  s o lu b le  i n  e t h a n o l ,  from  w h ich  i t  c r y s t a l l i s e s  
v e r y  s lo w ly  a s  m ic r o s c o p ic  j ja le  y e l lo w  n e e d le s  m . p . l 9 5 ° d e c .
b )  The m onom eth iod ide ( . 3 6 0  g . ) was h e a te d  to  
1 0 0 °  i n  a s e a le d  tu b e  f o r  2 i  h r s .  w ith  Mel (1 0  c . c . }  and 
MeOH (1  c . c . ) .  The s o l u t i o n  becam e b ro w n ish  r e d , and no 
p ro d u c t c r y s t a l l i s e d  o u t .  The s o lv e n t s  w ere b o i l e d  o f f  
and t h e  brown c r y s t a l l i n e  p a s t e  d i s s o lv e d  i n  h o t MeOH: 
th e  f i r s t  crop  ( . 1 9 7  g . ) had a m .p . o f  l 8 0 ° s i n t . d e c .  
u n d ep r e sse d  by m onom eth iod ide h y d r io d id e ,  i t  was t h e r e f o r e  
c o n v e r te d  by aq ueous Ha^CO  ^ t o  a  p ro d u ct m .p .  1 7 0 -1 7 2 ° d e c .  
s i n t .  w h ich  m ixed w ith  m onom eth iod ide m e lte d  a t  1 7 1 -1 7 4 °  
d e c . s i n t . ; th e  seco n d  crop  ( . 1 8 5  g . ) had a m.p.  o f  2 3 0 -  
2 4 0 ° d e c .s in t  1 8 0 ° .  C r y s t a l l i s a t i o n  o f  t h i s  m a te r ia l  from  
a  l i t t l e  MeOH y ie ld e d  a f i r s t  crop  m .p . l 8 3 - l 8 4 ° d e c . s i n t .
(82 mg.); treatment of the mother liquor with StOAc 
resulted in the separation of a pale yellow crystalline 
solid m.p.239-244°dec.sint.210°(53 m g . ) ,  which was re;
: c r y s t a l l i s e d  from  MeOH-EtOAc t o  g iv e  a p ro d u ct m.p.  
2 3 9 - 2 4 4 ° a e c .s x n t  220° (Pound: 0 , 4 3 . 0 ;  H . 5 . 5 5 ;  1 , 4 3 . 3 .
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0 , 4 3 . 3 ;  H , 5 . 5 5 ;  1 , 4 3 * 6 ^ ) .
F i t r a t i o n  o f  a sp id o sp erm in e
a ) At 2 0 ^ .. A 1 :1  m ix tu re  o f  HHO  ^ d 1 . 4 2  and  
g l a c i a l  a c e t i c  a c id  f r e e d  from  n i t r o u s  fum es by means o f  
u rea  (2  c . c . )  was added s lo w ly  w ith  shakiiag and c o o l in g  a t  
0^ t o  a  s o l u t io n  o f  th e  a lk a lo id  ( .8 3  g . ) i n  g l a c i a l  a c e t i c  
a c id  ( 1 . 5  C . C . ) .  A fte r  s ta n d in g  a t  0® f o r  one h r .  and a t  
20° f o r  2 h r s . ,  th e  p a le  brown s o lu t i o n  was poured  on t o  
i c e ,  th e  w hole ren d ered  a lk a l in e  w ith  NaOH, th e  s o l i d  
f i l t e r e d  o f f ,  w e l l  w ashed , and d r ie d  ( .8 4  g . ) .  
C r y s t a l l i s a t i o n  from  e th a n o l y ie ld e d  p r a c t i c a l l y  pure  
a sp id o sp e rm in e  m .p*208-209^  ( . 5 5  g . );  a f u r t h e r  .0 7  g .  
was o b ta in e d  on c o n c e n tr a t io n  o f  th e  m other l iq u o r
(74/^ r e c o v e r y ) .
The m other l iq u o r  y ie ld e d  a y e l lo w  r o s i n  ( . 1 8  g .  ) 
w hich  p a r t i a l l y  c r y s t a l l i s e d  from  e t h e r  t o  g iv e  a y e l lo w  
s o l i d  m .p .1 3 3 -1 4 0 ^  s i n t .  1 3 0 ^ ( .0 6  g . ) ,  an im pure sp ec im en  
o f  n itr o a s p id o s p e r m in e .
b ) At 4 5 - 5 0 ° . N i t r i c  a c id  d 1 . 4 2  ( 2  c . c . )  
f r e e  from  n i t r o u s  a c id  was added w ith  sh a k in g  t o  a  
s o l u t i o n  o f  a sp id o sp e rm in e  ( 1 .0 1  g . ) i n  g l a c i a l  a c e t i c  
a c id  (2  c . c . )  c o n t a in in g  u rea  (5 0  m^ g. ) a t  4 0 -4 5 ^  o v e r  a  
p e r io d  o f  10 m in u te s . A fte r  h e a t in g  a t  4 5 -5 0 °  f o r  30  
m in u te s , th e  r e d  r e a c t io n  m ix tu re  was poured  op t o  i c e ,  
th e  w hole b a s i f i e d  w ith  .8 8 0  aq ueous NH3 , and w e l l
1 0 1
e x tr a o to d  w ith  e t h e r .  The e t h e r  e x t r a c te d  m a te r ia l  
c r y s t a l l i s e d  from  m eth an o l i n  two c r o p s , b o th  m . p . 147- 148® 
s i n t .  145® ( . 9 4 3  g . , 83 0^) ; th e  m other l iq u o r  y ie ld e d  an  
in t r a c t a b le  red  r o s in .
Pure n i.tr o a g p i do sp erm in e s e p a r a te s  from  e th a n o l a s  p a le  
y e llo v / p r ism s m.p.  1 4 9 - 1 4 9 .5 ° .  (Pound: 0 , 6 6 . 3 5 ,  6 6 . 7 ;
H , 7 . 3 5 ,  7 . 2 5 ;  N , l l . l ,  1 1 .2 .  ^22^^29^4^3 q u ir e s  0 , 6 6 . 1 5 ;
H,7.25?  N ,1 0 .5 /» ) .  T h is  compound i s  r e c o v e r e d  unchanged  
a f t e r  r e f lu x in g  f o r  t h r e e  m in u tes  i n  Ao^O c o n ta in in g  a  
t r a c e  o f  HgSO^.
H y d r o ly s is  o f  n itr o a s p id o s p e r m in e .
a )  !De te r m in â t  io n  o f  a c e t y l . N itr o a sp id o sp e r m in e  
( .1 2 7 3  g .  ) was h y d r o ly se d  i n  b o i l i n g  20 o^ aqueous p - t o lu e n e  :
: su lp h o n ic  a c id ,  and th e  a c e t i c  a c id  form ed d i s t i l l e d  o v e r ,  
ev ery  p r e c a u t io n  b e in g  ta k e n  t o  a v o id  s p la s h in g  and l o s s e s .  
The f i r s t  50 c . c . o f  d i s t i l l a t e  = 2 9 . 7  c . c .  1 .0 0 4  ^/lOO Ba(OH) 
f o r  n e u t r a l i s a t i o n  t o  p h e n o lp h t i ia le in , th e  n e x t  25 c . c .  =
.5  c . c . , and th e  l a s t  20 c . c .  = .1 5  c . c .  : t o t a l  t i t r e  
30.35  c . c .  o f  s ta n d a rd  bai»yta .
A b la n k  ex p er im en t c a r r ie d  ou t u n d er a s  f a r  a s  
p o s s ib le  i d e n t i c a l  c o n d it io n s  showed a  t i t r e  o f  .3  c . c .
y^tLOO b a r y ta  f o r  e v e r y  50 c . c . o f  d i s t i l l a t e .  Thus th e  
c o r r e c te d  t i t r e  in  th e  h y d r o ly s is  o f  n itr o a s p id o s p e r m in e  
i s  30.35  -  .6 0  c . c .  = 2 9 . 7 5  c . c .
-  1 0 2  -
A c e ty l  = 43 x  2 9 . 7 5  x  1 .0 0 4  = 1 0 .1  (C a lc u la te d  v a lu e
X 1000'—  = 1 0 . 8 )
A c e ty l  e s t im a t io n s  w ith  t h e  same a p p a ra tu s  under  
th e  same c o n d it io n s  w ere a l s o  c a r r ie d  ou t w ith  pure p— 
n i t r o a c e t a n i l i d e  and pure a sp id o sp e r m in e :  th e  r e s u l t  f o r
th e  form er compound was 2 2 .7 ^  (c a lc u 3 .a te d  val.ue = 2 3 . 9 ^ ) ,  • 
and f o r  th e  l a t t e r  compound 33L.5^ ( c a l c u l â t ed v a lu e  = 1 2 .1 5 ^ ) .  
In  a l l  th r e e  c a s e s  th e  y i e l d  o f  a c e t i c  a c id  was lo w , and 
la y  b etw een  94 and 3 5 %  o f  t h e o r e t i c a l .
b ) I s o l a t i o n  o f  th e  h y d r o ly s i s  p r o d u c ts .
( i )  A c e t ic  a c i d . The n e u t r a l i s e d  d i s t i l l a t e  
from  th e  a c e t y l  e s t im a t io n  on n itr o a s p id o s p e r m in e  was 
b o i l e d  down t o  v e r y  s m a ll  b u lk , a c i d i f i e d  w ith  p - t o lu e n e :
: s u lp h o n ic  a c id ,  and a g a in  stea m  d i s t i l l e d .  The d i s t i l l a t e  
was r o u g h ly  n e u t r a l i s e d  w ith  b a r y ta  ( e x t e r n a l  i n d i c a t o r ) ,
00^ p a sse d  in  t o  rem ove e x c e s s  OH , and th e  f i l t e r e d  
c o n c e n tr a te d  s a l t  s o l u t i o n  t r e a t e d  w ith  aqueous  
S -b e n z y lth io w o n !u r n  c h lo r id e .  The w h ite  n e e d le s  w hich
se p a r a te d  ou t w ere f i l t e r e d  o f f  and d r ie d  by h e a t in g  on  
th e  steam  b a th  f o r  a few  s e c o n d s :  th e  s a l t  m elted  a t
1 5 2 -1 5 3 ^ • The s a l t  p rep a red  und er th e  same c o n d it io n s
from  S -b e n z y lth io u r o n iiim  c h lo r id e  and sodium  a c e t a t e  had  
th e  same m.p.  and m ixed  m.p.  ( l i t . 1 3 5 ^ ) .
8 -b e n z y lth io w o n iu m  fo rm a te  p rep a red  in  th e  
same way had a m.p .  o f  157 -1 5 9 ^  ( l i t . 150  ) ,  d e p r e s se d  to  
146—147*^ s i n t .  on  ad m ix tu re  w ith  th e  a c e t a t e  m.p .  1 5 2 -1 5 3 ° .
-  1 0 3  -
( i l )  D o a c o t y ln i t r o a s p id o sp erm in e . The deep  orange  
red  a c id  h y d r o ly s a t e  from  th e  a c e t y l  e s t im a t io n  on n i t r e :
: a sp id o sp e r m in e  was worked up i n  th e  u s u a l  manner f o r  b a s ic  
m a t e r ia l :  t h i s  was o b ta in e d  a s  an oran ge s o l i d  w hich
c r y s t a l l i s e d  from  aqueous m eth an o l i n  two crops^ m .p .1 4 4 -1 4 6 °  
s i n t . 1 4 3 ^ (9 9  m g . ) and m.p.  1 4 3 - 1 4 5 ° s i n t . 1 3 9 5  m g . );  th e  
y i e l d  i s  th u s  91^* Pure d e a o e ty li i i t r o a s p id o s p e r m in e  
s e p a r a te s  from  aqueous methfxnol a s  deep  y e l lo w  %)Ointed 
b la d e s  m .p . l 4 4 - 1 4 6 ° s i n t . l 4 3 ° -  (Found: 0 , 6 6 . 7 ;  H , 7 . 3 ;
If, 1 1 .0 .  CÎ20H27O3 ÎÎ3 r e q u ir e s  0 , 6 7 . 2 ;  H , 7 . 5 5 ;  N , 1 1 . 7 5 ^ ) .
A c t io n  o f  a c e t i c  a n h y d rid e  on d e a c e ty ln it r o a s p id o s p e r m in e .
A s o l u t i o n  o f  d e a c e ty ln it r o a s p id o s p e r m in e  (3 2  mg. )
in  Ac^O (1  c . c . )  c o n ta in in g  a t r a c e  o f  was r e f lu x e d
f o r  t l ir e e  m in u te s . The a c e t y la t o d  m a te r ia l  was o b ta in e d
o
a s  a  y e l lo v /  powder m.p.  1 0 0 -1 2 5  s i n t .  ( 35 .5  m g . ) :  tr e a tm e n t
w ith  a l i t t l e  m eth an o l d is s o lv e d  m ost o f  i t ,  th e  sm a ll
q u a n t i ty  o f  u n d is s o lv e d  p ro d u ct (4  m . g . ) had a  m.p.  o f  
o o
138-143  s i n t .  136 , u n d ep ressed  by n itr o a sp id o sp e r m j.n e , b u t  
d e i)re sso d  to  1 2 0 -1 3 5 ^  s i n t .  by d e a c e ty ln it r o a s p id o s p e r m in e .
Two o th e r  e x p e r im e n ts , one w ith  a lo n g  p e r io d  o f  
h e a t in g  a t  100°  i n  t h e  p r e s e n c e  o f  a  t r a c e  o f  th e
o th e r  wj.th lo n g  s ta n d in g  a t  room tem p era tu re  th e n  a  s h o r t  
p e r io d  a t  100  ^ i n  th e  a b sen ce  o f  a c id  c a t a l y s t ,  a l s o  
y ie ld e d  amorphous p r o d u c ts  from  w hich  o n ly  t r a c e s  o f  
n itr o a s p id o s p e r m in e  co u ld  be i s o l a t e d .
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Behavriour o f  n itr o a B 'p id o sp e m liie  on mi a lu ird m  coliHmi.
F a ir ly  im pure n itr o a s p id o s p e r m in e  (7 6  m g . ) was
a d so rb ed  from  a s o l u t i o n  in  e t h e r  (3 0  c . c . )  and l i g i i t
p e tr o le u m  (30  c . c . )  on t o  a colum n o f  a c t iv a t e d  a lu a iin a
(14- X I  cm.)  a s  a narrow  y e l lo w  band 5  m.m. deep  a t  th e
to p  o f  th e  colum n. P a ssa g e  o f  l i g h t  p e tr o le u m  (5 0  c . c . )
d id  n o t  ca u se  any a p p r e c ia b le  change i n  th e  p o s i t i o n  o f  th e
band; s u c c e s s iv e  p a ssa g e  o f  a  2 :1  m ix tu re  o f  l i g h t  p e t .
and e t h e r  (1 0 0  c . c . )  th e n  o f  o th e r  (300  c . c . )  r e s u l t e d  i n
an u n s a t i s f a c t o r y  d evelop m en t o f  th e  chrom atogram . The
m ain bcuid had t r a v e l l e d  tv;o t h ir d s  th e  vray down th e  colum n,
and was 6 cm. d eep , and a 2 cm. band rem ained  n e a r  th e  t o p .
Prom th e  a p p earan ce o f  th e  chrom atogram  i t  was o b v io u s  t h a t
a d so rb ed  n itr o a s p id o s p e r m in e  i s  s c z i s i t iv o  to  d a y l ig h t .  The
colum n was ex tr u d e d  and d iv id e d  in t o  e ig h t  u n eq u a l s e c t i o n s ,
ea ch  r e p r e s e n t in g  a p a r t i c u la r  zone o f  th e  clirom atogram .
S x t r a c t io n  w ith  t7/o p o r t io n s  o f  b o i l i n g  a c e to n e  gave th e
f o l lo w in g  f r a c t i o n s  s t a r t i n g  from  t h e  to p  o f  th e  colum n:
0 ,  1 ,  1 1 , 2 4 , 2 7 , 4 , 3 9 and 0 mg. The 27 mg. f r a c t i o n
^0 o
c r y s t a l l i s e d  t o  a  y e l lo w  p ro d u c t m .p .1 4 2 -1 4 6  s i n t . 135 , 
th o  24 mg. f r a c t i o n  c r y s t a l l i s e d  o n ly  p a r t i a l l y ,  and th e  
o th e r s  rem ained  am orphous.
M ercu ric  a c e t a t e  o x id a t io n  o f  d e a c p ty la s p id o s p e r m in c .
A s o l u t i o n  o f  th e  b a se  (5  mg. )  and m ercu r ic  
a c e t a t e  (1 1  m g.= one oxygon) i n  d i l u t e  a c e t i c  a c id  ( . 2  c . c . )
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romminmd oolonrlm eR  a t  room tem peratiure* 0]d .dotloD  to o k  
p la c e  when th e  s o l u t io n  was h e a te d  to  100^ : a f t e r  30 m j.n s.,
an. oran ge c o lo u r  had d e v e lo p e d , and m ercuroiis a c e t a t e  had  
s e p a r a te d  o u t .  The c o lo u r  o f  th e  s o l u t i o n  d id  n o t change  
ev en  on p ro lo n g e d  b o i l i n g  w ith  L l ir l ic h * s  r e a g e n t .
Perm anganate o x id a t io n  o f  s t r y c h n in e .
S p ath  and B r e ts c h n e id e r * s  d i r e c t io n s  v/ere fo l lo w e d  
w ith  a  r e d u c t io n  i n  th e  s c a l e  o f  th o  e x p e r im e n t . One gram  
o f  th e  a lk a lo id  y io ld o d  51* mg. o f  th e  d im e tliy l e s t e r  o f  
I l - o x a ly la n t h r a n i l i c  a c id  m.p.  1 4 9 -1 5 0 ^  s i n t .  145^ .
Permang;anate o jd x la tio n  o f  a  c r ude V a lle  s i  a Crla b r a  a lk a lo id  
e x E r a c u . '  " "
The m a te r ia l  was a brown powder M iioh  m e lte d  from
35*^  t o  b etw een  130^ and 150'^. One gram was d i s s o lv e d  i n
e x c e s s  h o t d i l u t e  (8 0  c . c .  ) t o  g iv e  a v e r y  dark brown
s o l u t i o n ,  w h ich  was s u b s e q u e n t ly  brought t o  n e u t r a l i t y  w ith
d i l u t e  CO • A s o l u t io n  o f  OInO ( 7 . 6  g .  i n  15 0  c . c .H p O )
2 3 4 *■'
was s lo w ly  added to  th e  w e l l  s t i r r e d  s u s p e n s io n  a t  5 0 -6 0 ^ .
S t i r r in g  was c o n t in u e d  f o r  a  f u r th e r  ^  h r s .  a t  60*^, th e
e x c e s s  îtoO was d e s tr o y e d  by a l i t t l e  HpO , and th e  I^ InO 
4- ^ 2  2
f i l t e r e d  o f f  and d ig e s t e d  w ith  b o i l i n g  w a ter  (2 0 0  c . c . ) .
The com bined f i l t r a t e  and w a sh in g s  w ere th e n  c o n c e n tr a te d  
t o  50 c . c .  in  v a c u o .
The a c i d i c  m a t e r ia l ,  o b ta in e d  by ver%/ th o ro u g h  
e x t r a c t i o n  o f  th o  deep  y o llo v / a c i d i f i e d  c o n c e n t r a t e ,  was 
d is s o lv e d  i n  d i l u t e  ITa^CO ,^ th e  s o l u t i o n  w e l l  e x t r a c t e d  w ith
— 1 0 6  — .
e th e r  t o  re.'noTO n e u t r e l  m a t e r ia l ,  and a c i d i f i e d :  e t h e r
e x t r a c t i o n  y ie ld e d  th o  a c id  f r a c t i o n  a s  a brown syru p
(6 8  ) .  T h is  was e s t e r i f l o d  w ith  d la zo m o th a n e, when th e
p ro d u ct was found t o  c r y s t a l l i s e  p æ i^ tia lly  on s ta n d in g .
Cri’- s t a l l i s a t i o n  from  a  sm a ll volum e o f  m eth an o l gave an
o f f  w h ite  s o l i d  m .p .1 4 1 -1 4 3 ^  s i n t  1 2 5 °  (9  m g . ) .  Three
o o
s u b l im a t io n s  r a i s e d  th e  m.p.  t o  145- 147 .9  s i n t . 135 , and
a  f i n a l  c r y s t a l l i s a t i o n  from  m etlia n o l f u r t h e r  t o  1 4 6 -1 4 7 .5 °  
o
s i n t .  144 . T h is  m e lt in g  p o in t  was n o t d e p r e s se d  by  
a d m ixtu re  w ith  14-o x a ly la n t h r a n i . l ic  d im e th y l e s t e r .
The o r i g i n a l  e s t e r  m other l iq u o r  y ie ld e d  a f u r th e r  
q u a n t i ty  o f  im pure d iia e t liy l e s t e r  o f  T l-o x a ly la n t l ir a n i l ic  
a c id  (1  m g . ) ,  b u t no o th e r  c r y s t a l l i n e  compound.
Permangarxate o x id a t io n  o f  a sp id o sp e r m in e .
A 5/9 s o l u t i o n  o f  KIîliO  ^ (85  c . c . )  was s lo w ly  added
o v e r  a p e r io d  o f  3 h r s .  t o  a  w e l l  s t i r r e d  aq ueous s u s p e n s io n
o f  a sp id o sp e r m in e  a t  5 5 - 6 5 ° .  By th e  end o f  th e  a d d i t io n ,
th e  ojd,d a t io n  r a t e  iiad s lo w ed  down c o n s id e r a b ly  : a  f u r t h e r
c . c .  was a d d ed , s t i r r i n g  c o n t in u e d  a t  6 0 -6 5 °  f o r  one } i r . ,
when tn o r o  was s t i l l  much u n red u ced  p en oan gan ate  p r e s e n t .
The o x id a t io n  was t h e r e f o r e  s to p p e d . The e q u iv a le n t  o f
1 4 . 5  oxygon  atom s had b een  ad ded .
The I^ lhO^  was f i l t e r e d  o f f  and d ig e s t e d  f o r  one 
c
hour w ith  b o i l i n g  w a te r . The com bined f i l t r a t e  and w a sh in g s  
wore t r e a t o d  i^/ith a l i t t l e  SO,., t o  r ed u ce  th e  s m a ll q u a n t i ty
—  1 0  V —
of îÆtiO present, and the resulting practically colourless4-
solution concentrated to 50 c.c. in vacuo. The pale brown 
viscous syrup (51 , fraction A) obtained by thorough
ether extraction of the concentrate represented neutral 
and basic material: since this fraction showed no tendency
to crystGu.].ise, it was not fu.i'ther investigated.
Acidification of the eti?or extracted aqueous 
o one ont rate with dilute HCl (Congo Rod) resulted in the 
formation of an enuj.sion which soon cleared depositing a 
syrup. Tlii-s material was found to be practically' 
insoluble in ether and stiffened on standing to a pale 
yellow amorphous solid. fhe aqueous solution was 
concentrated when a further quantity of what seemen to be 
the eciae tiatoiial separated out. The two fractions were 
combined and dried over HgSO. at .1 mn. (.417 g., fraction B) 
Very thorough ether extraction of the aqueous 
acid solution removed an acid fraction as a pale yellow 
syruxj (.143 g. ). This partially solidified on scratching 
under ether, most of it passing into solution. The solid, 
which was rather sticky, was filtered off ( 21 /ag., fraction 
0). The other filtrate yielded a pale yellow syrup 
(.105 g., fraction D. ).
Tho o t h e r  e x t r a c t e d  a c i d  a q u e o u s  l a y e r  h a d  by 
now dovelopciS a  reddish c o l o u r .  I t  was b o i l e d  uovm to 
dryness, the s a l t s  dissolved in t h e  iidnimuia o f  w a t o r ,  an d  
t h e  w hole e x t i  a c t e d  wi h  o i l  o r  o form: this e x l r a o l  y i e l d e d
-  1 0 8  -
a r e d d is h  r e s i n  ( .1 0 2  g . , f r a c t io n  E) w h ich  co u ld  n o t be
induced  to  c r y s t a l l i s e .
The ch lo ro fo rm  e x tr a c te d  aqueous la y e r  was a g a in
b o i le d  down t o  d ry n ess  in  v a c u o , and th e  s a l t s  w e l l  e x tr a c te d
w ith  e th a n o l:  th e  brown sy ru p s th u s  o b ta in e d  w eighed  .2 5 0  g .
( f r a c t io n  F ) .
The Î^O^ formed in  th e  o x id a t io n  was found to  be
q u it e  f r e e  from  o r g a n ic  m a te r ia l .
A p o r t io n  o f  f r a c t io n  B (86 m g.) was e s t e r i f i e d  w ith
e x c e s s  d iazom ethan e in  e th e r  when a b row nish  y e l lo w  syrup  was
o b ta in e d :  t h i s  f a i l e d  t o  c r y s t a l l i s e .  The h ig h  vacuum s h o r t
p ath  d i s t i l l a t i o n  o f  t h i s  m a te r ia l  y ie ld e d  th e  f o l lo w in g
f r a c t io n s :  i )  1 mg. a f t e r  5 h r s .  a t  95°/lO "^m m ., i i )  16 mg.
o f  a v e r y  s t i f f  y e l lo w  gum a f t e r  6 h r s .a t  1 3 0 -1 4 0 ^ , i i i )  42 mg.
o f  a brow nish  y e l lo w  r e s in  a f t e r  6 h r s .  a t  1 7 0 -2 0 0 ° .
F r a c t io n  i i i  was re su b lim ed  tv /ic e :  th e  s p e c i f i c
r o t a t io n  in  e th a n o l was found to  be M  = - 1 5 9 ° .  (Found:
D
0 ,6 5 .8 ;  H ,6 .7 ;  N ,7 .8 5 .  C H O N  r e q u ir e s  0 ,6 6 .0 ;  H ,7 .0 ;  
N ,7 .0 ^ ) .  T h is m a te r ia l  was t r e a te d  w ith  ammonia and w ith  
b en zy la m id e , b u t in  n e i t h e r  c a s e  was th e  p rod u ct c r y s t a l l i n e .
The o r i g in a l  amorphous a c id  ( f r a c t io n  B) was 
p u r if ie d  by r e p r e c ip i t a t io n  from  i t s  s o lu t io n  in  a l k a l i  
(Found: 0 M e ,8 .1 5 . ^21% 6^5^2 OMe, 8 .0 5 $ )  : i t  co u ld
n o t be induced to  c r y s t a l l i s e .  The h y d r o ly s is  o f  t h i s  m a te r ia l  
(39  m g.) t o  an amino a c id  was a ttem p ted  by r e f lu x in g  w ith  c o n e .
-  1 0 9  -
HCl, and w orking up w ith  Ag^O and H^S in  th e  u s u a l  manner: 
th e  amino a c id  f r a c t io n  was o b ta in ed  as an amorphous w h it is h  
s o l i d  (6 m g .) .
F r a c t io n  D was a l s o  e s t e r i f i e d  w ith  e x c e s s  e t h e r e a l  
d ia zo m eth a n e , b u t f r a c t io n a l  sh o r t  path  h ig h  vacuum d i s t i l l a t i o n  
o f  th e  syrup y e s t e r  f a i l e d  to  y ie ld  c r y s t a l l i n e  m a te r ia l .
E s t é r i f i c a t i o n  o f  f r a c t io n  F w ith  o x c e s s  e t h e r e a l  
d iazom ethan e y ie ld e d  a f a i r l y  v is c o u s  l iq u id  (261  m g.) w hich  
was d iv id e d  in to  f i v e  f r a c t io n s  by sh o r t path  vacuum 
d i s t i l l a t i o n .  Each was h ea ted  w ith  e x c e s s  o f  b e n z y l amine to  
100® in  th e  p r e se n c e  o f  a t r a c e  o f  NI^Cl f o r  30 m in u te s . A l l  
fo u r  y ie ld e d  th e  d ib e n z y l amide o f  o x a l ic  a c id  (m .p . 221- 222®) 
a s  th e  o n ly  c r y s t a l l i n e  p ro d u c t.
Permanga n a te  o x id a t io n  o f  n itr o a sp id o s p e r m in e .
a) The o x id a t io n  o f  a v e r y  Impure sam ple o f  n i t r o :
:a sp id o sp erm in e  ( .2 3 4  g . )  w ith  aqueous Ba(Mh0^)g (24  oxygen s)  
f i r s t  a t  70®, th en  a t  100®, was c a r r ie d  o u t .  The r e a c t io n  
s o lu t io n  was worked up f o r  n e u t r a l ,  a c i d i c ,  and amino a c id  
m a te r ia l  in  th e  u s u a l manner, b u t th e  o n ly  c r y s t a l l i n e  p rod uct  
o b ta in ed  was Ba(NO^)g.
b) A w e l l  s t ir r e d  s o lu t io n  o f  pure n itr o a s p id o :
: sperm ine (1 .1 1  g . )  in  s t a b i l i s e d  a c e to n e  (50  c . c . )  was 
g r a d u a lly  t r e a te d  w ith  aqueous .7% Ba(MnO^)g (5  oxygen s) a t  
room tem p eratu re: th e  o x id i s in g  agen t was u sed  up one hour
"" n o  —
a f t e r  co m p le tio n  o f  th e  a d d it io n .  D i s t i l l e d  w a ter  was added 
(100 c . c . ) ,  and most o f  th e  a ce to n e  b o i le d  o f f  on a b o i l in g  
w a te r  b a th . M  d i t  io n  o f  Ba(15nO^)^ was th e n  co n tin u ed  a t  100°  
u n t i l  th e  s o lu t io n  rem ained p ink  a f t e r  s ta n d in g  a t  100°  f o r  
I j  hours* A lto g e th e r  39 oxygens w ere used  up*
The r e a c t io n  m ixtu re  was f i l t e r e d  h o t ,  th e  
d ig e s t e d  tw ic e  w ith  50 c . c .  o f  b o i l i n g  d i s t i l l e d  w a ter  f o r  one 
h o u r , th e  combined f i l t r a t e s  t r e a te d  w ith  a l i t t l e  m ethanol 
t o  red u ce  th e  l a s t  t r a c e s  o f  î.înO  ^ , and th e n  c o n c e n tr a te d  to  
sm a ll b u lk  in  vacuo* A sm a ll q u a n t ity  o f  MnO^  was f i l t e r e d  
o f f ,  and th e  y e llo w  s o lu t io n  (30 c * c * ) b a s i f i e d  w ith  b a r y ta  
and e x tr a c te d  t h r ic e  w ith  e th e r :  th e  n e u tr a l  and b a s ic
m a te r ia ls  th u s  ob ta in ed  w eighed 1*5 mg*
The aqueous la y e r  was ren d ered  a c id  to  Congo Red 
w ith  d i l u t e  H^80^ and th o r o u g h ly  e x tr a c te d  w ith  f i v e  50 c .c *  
p o r t io n s  o f  e th e r :  th e  combined e x t r a c t s  y ie ld e d  a b row nish
y e l lo w  r e s i n  ( .1 6 9  g . )  w hich  on s ta n d in g  w ith  a l i t t l e  m ethanol 
p a r t i a l l y  c r y s t a l l i s e d  as sm a ll b u s h e ls  o f  n e e d le s*  A fte r  
s ta n d in g  f o r  a few  h o u r s , t h i s  c r y s t a l l i n e  s o l i d  was f i l t e r e d  
o f f  and o b ta in ed  as an o f f  w h ite  m a te r ia l  m*p. 152- 160°  w ith o u t  
f lo w in g ,  s i n t  140® (23 m g ., f r a c t io n  A ). The f i l t r a t e  f a i l e d  
t o  y ie ld  fu r th e r  c r y s t a l l i n e  m a te r ia l .
The e th e r  e x tr a c te d  a c id  aqueous s o lu t io n  vms 
c o n c e n tr a te d  to  5 c .c *  and j u s t  ren d ered  n e u tr a l  to  l i tm u s  
w ith  aqueous Ba(OH)g* F i l t r a t i o n  t o  remove th e  BaSO^ and
-  I l l  -
and c o n c e n tr a t io n  in  a d e s s i c a t o r  y ie ld e d  much c r y s t a l l i n e  
m a te r ia l ,  shovm t o  be Ba(NO^)^.
T h is  amino a c id  f r a c t i o n ,  s t i l l  c o n ta in in g  
Ba{NO^)g and HNO^, and a ls o  th e  amorphous a c id  f r a c t io n  
cou ld  n o t be f u r th e r  in v e s t ig a t e d  b eca u se  o f  sh o r ta g e  o f  
t im e .
C r y s t a l l i s a t i o n  o f  f r a c t io n  A from  MeOf^&Ie.CO 
y ie ld e d  v e r y  sm a ll c o lo u r le s s  n e e d le s ,  m .p .1 5 9 .5 -1 6 1 °  w ith o u t  
f lo w in g , s i n t .  1 5 7 ° (1 4  m g .);  a fu r th e r  c r y s t a l l i s a t i o n  
changed th e  m .p . b eh a v io u r  to  a bad s in t e r in g  from  1 5 0 ° ,  
th e  su b sta n ce  c l e a r in g ,  b u t n o t f lo v /in g , a t  160^ . (Found: 
0 ,5 5 .6 5 ;  H ,5 .9 5 ;  N ,7 .9 .  r e q u ir e s  0 ,5 5 .7 ;
H ,6 .0 5 ;  N ,7 .6 5 ^ ) .
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A n  a ttem p t wag ma<?e to  d e term in e  th e  e q u iv a le n t  
w e ig h t on a m icro  s c a le *  1 .7 7  mg. o f  th e  su b sta n ce  was 
suspended  in  2 c . o .  o f  b o i l in g  w a te r , b u t d id  n o t d i s s o lv e  
c o m p le te ly :  th e  t i t r a t i o n  w ith  ^/lOO b a r y ta  (p h e n o lp h th a le in
a s  in d ic a t o r )  was th e r e fo r e  c a r r ie d  o u t in  two s t a g e s .
F i r s t ,  .4 0  c . c .  was req u ired  to  ren d er  th e  s o lu t io n  s l i g h t l y  
a lk a l in e ;  se c o n d , th e  s o lu t io n  was h ea ted  t o  d i s s o lv e  th e  
r e s t  o f  th e  a c id  and was th en  found to  ta k e  up a fu r th e r  
.2  c . c .  o f  a l k a l i .  The e x a c t  end p o in t  co u ld  n o t be 
e s t im a te d  b ec a u se  o f  th e  la r g e  d i l u t i o n .  The t o t a l  t i t r e  
g iv e s  an e q u iv a le n t  w e ig h t o f  2 9 5 , t h a t  i s  o f  th e  o rd er  o f  
2 9 0 -3 0 0 . T h is  i s  v e r y  lo w , f o r  th e  e q u iv a le n t  w e ig h t o f
E x tr a c t io n  o f  A sp id o sperma Quebracho B lanco b a rk •
a) The f i n e l y  powdered bark  (12 g . )  was e x h a u s t iv e ly  
e x tr a c te d  w ith  e th a n o l in  a S o x h le t  (18 h r s . ) :  th e  e x t r a c t
y ie ld e d  1 .1 9  g .  o f  a brown amorphous pow der. T h is powder 
w as worked up f o r  b a s ic  m a te r ia l  u s in g  th e  p r o c e s s  d e sc r ib e d  
by E w in s ( l l ) .  The b a se  was th u s  o b ta in ed  a s a brown r e s in  
(71  mg.)
The ex h a u sted  powdered bark was made in to  a p a s te  
w ith  d i l u t e  aqueous Na^CO^, w h ich , a f t e r  s ta n d in g  fo r  24 h r s . ,  
w as d r ied  in  vacuo and e x tr a c te d  w ith  EtOH in  a S o x h le t  f o r  
5 h r s .  T h is e x t r a c t  was worked up f o r  b a s ic  m a te r ia l  in
-  1 1 5  -
th e  same way as th e  main e x t r a c t :  th e  y ie ld  t h i s  tim e was
9 mg. o f  a p a le  brown r e s i n .
T o ta l y i e ld  o f  80 mg. r e p r e s e n t s  an a lk a lo id  
c o n te n t  o f  . 66% by w e ig h t o f  th e  b ark .
T h is  m ix tu re  o f  b a se s  gave a s tr o n g  c o lo u r a t io n  
w ith  E h r l io h *8 r e a g e n t  on h e a t in g , a s tr o n g  c o lo u r  w ith  
FeC lg ( in te r m e d ia te  betw een  th a t  g iv e n  by d o a c e ty lc s p id o :
: sperm ine and th a t  g iv e n  by a s p id o s in e ) , and a deep  m agenta  
c o lo u r  w ith  c o n ce n tra te d  n i t r i c  a c id .
The m a te r ia l  cou ld  n o t be induced  to  c r y s t a l l i s e .
A p o r t io n  (68 m g.) was su b je c te d  t o  h ig h  vacuum sh o r t  path  
d i s t i l l a t i o n ,  when two f r a c t io n s  were c o l l e c t e d :  one up to
130^ /10"^  mm. o v er  a p eriod  o f  f i v e  h o u r s , th e  o th e r  from  
130® to  180®/10"^ mm. ov er  s i x  h o u r s . TJie f i r s t  was a. 
b row n ish  y e l lo w  r e s in  (2 m g.) c o n ta in in g  a v e r y  sm a ll  
p r o p o r t io n  o f  suspended a p p a r e n tly  c r y s t a l l i n e  m a te r ia l;  th e
secon d  was a y e l lo w is h  brown r e s in  (14  m g.) c o n ta in in g  a t r a c e
o f  c r y s t a l l i n e  m a te r ia l;  th e  d i s t i l l a t i o n  r e s id u e  was b la c k  
(4 8  m g .) ,  c o m p le te ly  s o lu b le  in  ch lo ro fo rm , and was se p a ra ted  
in to  7 mg. o f  n o n -b a s ic  m a te r ia l  and 21 mg. o f  brown e th e r  
s o lu b le  b a s e ,  th e  r e s t  b e in g  e th e r  in s o lu b le  b a s e .
b) About 30 k g . o f  f i n e l y  powdered bark w ere  
e x tr a c te d  by e x h a u s t iv e  d ig e s t io n  w ith  b o i l in g  e th a n o l  
(Duncan and F lo c k h a r t , E dinburgh); th e  exh au sted  bark was 
m o isten ed  w ith  aqueous sodium  ca rb o n a te  and e x tr a c te d  a g a in .
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The co n ce n tra ted  main a lc o h o l  e x t r a c t  was 
r e c e iv e d  a s a b la c k  s o lu t io n  w hich  had d e p o s ite d  a c o n s id e r a b le  
amount o f  b la c k  s lu d g e .  The a lc o h o l  was c o m p le te ly  removed 
in  vacuo and th e  r e s id u a l  b la c k  p it c h  r e p e a te d ly  e x tr a c te d  
w ith  h ot S0% aqueous AcOH. A fte r  s ta n d in g  f o r  a tim e to  
a llo w  a c e r t a in  amount o f  suspended  t a r  to  s e t t l e  o u t ,  th e  
e x t r a c t s  w ere v/orked up f o r  b a s ic  m a te r ia l  a s  d e sc r ib e d  by  
Evfins ( 1 1 ) .  Tîie b a s ic  f r a c t io n  w as th u s  o b ta in e d  as a b la c k  
r e s in  w hich  cou ld  n o t be induced  to  c r y s t a l l i s e  d i r e c t l y  (49 g*
F r a c t io n a t io n  o f  th e  t o t a l  Quebracho b a s e .
D i lu te  HCl was added w ith  thorough  sh a k in g  to  a 
s o lu t io n  o f  th e  t o t a l  b a se  in  ch lo r o fo rm  (300  c . o . ) u n t i l  th e  
aqueous la y e r  was n e u tr a l  to  m eth y l o ra n g e . Aqueous la y e r  A 
was th en  sep a ra ted  from  CHCl^ la y e r  B.
Aqueous la y e r  A was b a s i f i e d  w ith  ammonia and 
th o r o u g h ly  e x tr a c te d  w ith  ch lo r o fo r m . T h is  g iv e s  th e  s tr o n g  
b a se s  ( f r a c t io n  A ).
Thorough e x t r a c t io n  o f  CHClg la y e r  B w ith  e x c e s s  
d i l u t e  HCl rem oves th e  weak b a s e s ,  i s o l a t e d  by b a s i f i c a t i o n  
and f u r th e r  CHClg e x t r a c t io n  ( 1 .4  g . , f r a c t io n  C ).
The a c id  e x tr a c te d  CHClg la y e r  B y ie ld e d  n on-  
b a s ic  m a te r ia l  ( 4 .3 5  g . , f r a c t io n  D ) .
F r a c t io n a l  e x t r a c t io n  of  f r a c t io n  A•
The ch loro form  s o lu t io n  o f  t h i s  f r a c t io n  was
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d iv id ed  in to  t e n  eq u a l p o r t io n s  by v ;e igh t and was f r a c t i o n a l l y  
e x tr a c te d  a cc o rd in g  to  th e  method d e sc r ib e d  in  Morton 
p h y s ic a l  c h em istr y  p .
Of th e  te n  f r a c t io n s  o b ta in e d , UK, SE, 3E, 4E, 5E 
r e p r e se n te d  th e  w eaker b a s e s  and 6E, 7E, 8E, 9E, lOE th e  
s tr o n g e r  b a s e s  in  o rd er  o f  in c r e a s in g  b a s ic  s t r e n g th .
V ery s u r p r is in g ly  each  o f  th e s e  f r a c t io n s  w ere  
found to  c o n ta in  n e u tr a l  m a te r ia l  w hich  must have been  
produced d u r in g  th e  lo n g  e x t r a c t io n  p r o c e s s .
IE: 1 .8 6  g .b a s ic  and .3 2  g .n o n - b a s ic .  2E: 2 .3 8  g .  
b a s ic ,  .1 6  g .n o n  b a s i c ,  and .0 8  g .b a s ic  form ing hydro:
: c h lo r id e s  s p a r in g ly  s o lu b le  in  w a te r . 3E: 2 .1 4  g .b a s i c ,
.1 7  g .n o n  b a s i c ,  and .3 6  g .b a s ic  ( s p .s o l .H C l s a l t s ) .
4E: 2 .1 8  g .b a s i c ,  .1 2  g .  non b a s i c ,  and .2 4  g .b a s ic  ( s p .s o l*  
HCl s a l t s ) .  5E: 2 .3 1  g .b a s i c ,  .1 4  g .n o n  b a s i c ,  and .3 7  g .  
b a s ic  ( s p .s o l .H C l s a l t s ) .  6E: 1 .5 6  g .b a s i c ,  .10  g .n o n  b a s ic ,  
and .4 1  g .  b a s ic  ( s p .s o l .H C l s a l t s ) .  The rem ain in g  f r a c t io n s  
w ere d iv id e d  in to  e th e r  s o lu b le  and e th e r  in s o lu b le  p o r t io n s .  
7E: .9 7  g . s o l . , .7 6  g . i n s o l .  8E: 1 .1 8  g . s o l . , .7 0  g .  i n s o l .
9E: 1 .2 1  g . s o l . , .7 8  g . i n s o l .  lOE. 1 .5 6  g . s o l . , 1 .1 3  g .  
i n s o l .
Of th e  above f r a c t io n s ,  IE b a s ic  y ie ld e d  .1 5  g .  
o f  quebracham.ine m .p . 144-145®  ( p ic r a t e ,  y e l lo w  ch an ging  to  
r e d , m .p .1 9 2 -1 9 4 ° s i n t . 1 9 0 ° ) ,  and 5E b a s ic  y ie ld e d  .2 1 5  g .  
o f  impure yohim bine m .p .2 2 7 -2 2 9 ° s in t .  and d ark . 2 1 0 °  (one
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c r y s t a l l i s a t i o n  from  e th a n o l gave cream co lo u r ed  p rism s  
m .p .239-241^  d e e . ,  s in k , and d a r k .232^ , u n d ep ressed  by  
a u th e n t ic  yoh im bine) to g e th e r  v /ith  30  mg. o f  quebracham ine 
i s o la t e d  from th e  l i g h t  p etro leu m  s o lu b le  p o r tio n *
None o f  th e  rem ain in g  f r a c t io n s  co u ld  be made 
t o  y ie ld  c r y s t a l l i n e  m a te r ia l .
-  1 1 ?  -
ETim. CIILOROl'ORMYLACETAŒ ArTIL ( -  a) The r e a c t io n  
b etw een  a n i l in e  and e t h y l  ch lo ro fo rm y l a c e ta te  was c a r r ie d  
o u t a cc o r d in g  t o  th e  in s t r u c t io n s  o f  M entzer ( ^ 7 )  . The v e r y  
dark p ro d u ct was d i s t i l l e d  in  va cu o , and th e  f r a c t io n  b o i l i n g  
a t  176-182® / 8  ram. c o l l e c t e d :  t h i s  c r y s t a l l i s e d  c o n ç ) le te ly .
T h is  p rod u ct c r y s t a l l i s e s  from  e th a n o l,  in  w hich i t  i s  v er y  
s o lu b le ,  a s  c o l o u r le s s  p r is m s , and from  l i g h t  p e tro leu m  a s  
c o l o u r le s s  b la d e s ,  ra.p. 80-81® ,
b ) A lc o h o l ic  s o lu t io n s  o f  e th y l  c h lo r o fo m iy l a c e ta t e  ( 3 .2  g .) 
and a n i l in e  ( 2 .0  g . )  were m ixed , th en  b o i le d  f o r  a few  m in u te s . 
The w h ite  c r y s t a l l i n e  s o l i d  which se p a r a te d  ou t on c o o l in g
and s c r a tc h in g  was f i l t e r e d  o f f  ( 2 .8  g . )  , and r e c r y s t a l l i s e d  
from  e th a n o l when i t  was o b ta in ed  a s  c o lo u r le s s  p r ism s ra.p, 
8 0-81® , u n d ep ressed  by adm ixture w ith  th e  p roduct o b ta in e d  
from  r e a c t io n  ( a ) .
c ) A lc o h o l ic  s o lu t io n s  o f  the r e a c ta n t s  were m ix ed , and 
a llo w e d  t o  s ta n d  o v e r n ig h t  a t  room tem p era tu re . C r y s t a l l i s a t i o n  
o ccu rred  on s c r a t c h in g ,  th e  product was f i l t e r e d  o f f ,  and 
r e c r y s t a l l i s e d  from  l i g h t  p etro leum : c o lo u r le s s  b la d e s ,  m .p .
6 8 -6 8 .5 ®  8 i n t .  67®, i d e n t i c a l  in  appearance w ith  th e  p rod u ct  
m e lt in g  a t  8 0 -8 1 ^ . A m ixed m e lt in g  p o in t  came to  7 9 - 8 1 ° ,  
s i n t .  70®. R ep eated  c r y s t a l l i s a t i o n  o f  th e  low  m e lt in g  
m ateri^al from  l i g h t  p etro leu m  r e s u lt e d  in  th e  g ra d u a l r i s e  o f  
th e  m e lt in g  p o i n t ,  through  p a r t ia l  m eltings a t  69®, c l e a r in g  a t  
80®, t o  80 -81® .
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B oth  h ig h  and low  m e lt in g  form s v/ere fu se d  and 
a llow ed  t o  r e s o l i d i f y ,  iVhen in  b o th  c a s e s  th e  r e s u l t i n g  s o l i d  
m elted  a t  76^ 79.5® • R ep eated  m e lt in g  and r e s o l i d i f i e a t io n ,  
and se e d in g  o f  th e  m elt w ith  b o th  h ig h  and low  m e lt in g  fo rm s, 
d id  n o t change t h i s  m e lt in g  p o in t .  Sub se  tuent c r y s t a l l i s a t i o n  
from e th a n o l gave n e a r ly  pure h ig h  m e lt in g  form .
S u b lim a tio n  o f  th e  low  m e lt in g  form  a t  66^/10"^ ram. 
y ie ld e d  a p ro d u ct m .p . 80 -81® , s i n t .  68®. The h ig h  m e lt in g  
form su b lim ed  a t  76/10*'^ ram. y i e ld i n g  a p rod u ct ra.p. 80-81® , 
a n a ly s in g  a s  th e  a n i l  o f  e t h y l  c h lo r o fo r m y la c e ta te . (Found:
C, 5 8 .7 ;  H, 5 .3 ;  N, 6 ,4 5 ;  C l ,  1 5 .4 .  r e q u ir e s
C, 5 8 .5 5 ;  H, 5 .3 ;  N , 6 .2 ;  C l, 15 .7% ).
i#THYWlTION OF 4-BEIÏZKICKAZO-m^CREGOL. -  D im ethyl su lp h a te  
(3 7 .3  c . c . )  was g r a d u a lly  added , w ith  sh a k in g , to  a  warm 
s o lu t io n  o f  crude 4 -b e n z e n e a z o -m -c r e s o l,  m .p . 100- 102®, s i n t . ,  
(64  g . ,  p rep ared  by th e  method o f  N o e lt in g  and Kohn, r e f ,  3 3 0 )  
in  aqueous NaOH (31  g .  in  500 c . c .  w a te r ) .
W ith in  a few  m in u te s , th e  em u lsio n  w hich had form ed  
c r y s t a l l i s e d ,  m û  a f t e r  20 m in s . ,  th e  p rod u ct was f i l t e r e d  o f f .  
One c r y s t a l l i s a t i o n  from  m ethanol (250  c . c . )  gave orange red  
p r ism s , ra.p. 57 .5 -59®  (47 g . )  , a fu r th e r  6 g .  were o b ta in ed  
by c o n c e n tr a t in g  th e  m other l iq u o r .  53 g . r e p r e s e n t s  a 78% 
y i e l d .  The m a te r ia l  may be p u r i f i e d  ny d i s t i l l a t i o n ,  th e  
b oilin g : p o in t  b ein g  1 5 6 ® /.7  mm. A sp ecim  n  o f  t h i s  compound, 
3 -m e th o x y -6 -b e n z e n e a z o to lu e n e , was p u r i f i e d  f o r  a n a ly s is  by
/r e p e a te d
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r e p e a te d  c r y s t a l l i s a t i o n  from  m eth a n o l, w ith  a f i n a l  
su b lim a tio n  a t  6 0 ® /,1  mm, 5 th e  m e lt in g  p o in t  i s  6 1 ,5 -6 2 ,5 ® .  
(Found; C, 7 4 .9 ,  7 4 .4 5 ;  H, 6 . 3 ,  6 .1 5 .  ( 1^4^ 1^40N 2^ r e q u ir e s
C, 7 4 .4 ;  H, 6 .: (C ji  •
HYDROGEITATIGH OF 3-METH0XY-6--DEITZENEA2OT0LUE])jE ( XJT  ^ _
a) A s o lu t io n  o f  th e  azo compound m.p.  60-61® ( 9 . 5  g . )  in  
m ethanol (150 c . c . )  was h yd rogen ated  a t  98 I b s . / s q .  in ch  in  
th e  p re se n c e  o f  p a l la d is e d  SrCOg (2  g . ) , The drop in  p r e s su r e  
was 3 l b s .  in  4 5  m in s . ,  when no f u r th e r  change occu rred  
(C a lc u la te d  drop * 3 l b s . ) . The c o lo u r le s s  s o lu t io n  darkened  
c o n s id e r a b ly  in  c o n ta c t  w ith  th e  a tm osp h ere . The m ethanol 
was d i s t i l l e d  o f f ,  and th e  r e s id u e  f r a c t io n a t e d  in  vacuo; 
f r  c t io n  A , 7 9 -9 5 0 /1 0  mm. ( 2 . 8  g . ) , and f r a c t io n  B , 9 5 -1 3 0 ® / 
nnn. ( 5 . 9  g . ) , were c o l l e c t e d ;  th e  r e s id u e  was an a lm o st b la c k  
p it c h  ( . 5  g . ) .
R e d i s t i l l a t i o n  o f  f r a c t io n  B gave a c o lo u r le s s  l i q u i d ,  
b . p .  115-125® /lO  mm., co r re sp o n d in g  to  2 - am in o-5 -m eth oxyto lu en e  
( 4 .6 5  g . , r e p r e s e n t in g  an 81% y i e l d ) .
b) A s o lu t io n  o f  th e  azo compound m .p . 59-61® (50  g . ) , in  
e t h y l  a c e ta te  (200 c . c . ) , was h yd rogen ated  a t  100 I b s . / s q .  in c h
in  th e  p r e se n c e  o f  p a l la d is e d  SrCOg (2  g . ) . The r e d u c t io n  was
v ery  s lo w , and th e  s o lu t io n  became c o lo u r le s s  o n ly  a f t e r  th r e e  
day®. The hydrogen  uptake co u ld  n o t be e s t im a te d  b eca u se  o f  
a slow  le:ak in  th e  a p p a r a tu s . The s o lu t io n  soon became deep
red  on com ing in to  c o n ta c t  w ith  th e  a tm osp h ere . T h e  s o lv e n t
/w a s b o i le d
~ 1 2 0  —
was b o i le d  o f f ,  and th e  r e s id u e  f r a c t io n a te d  in  v a cu o . Two 
f r a c t io n s  vjere c o l l e c t e d ;  f r a c t io n  A , a p a le  red  m ob ile  l iq u id  
b . p .  7 0 -1 4 0 ^ /1 4  mm. (14  g . )  , and f r a c t io n  B , a deep red  sy ru p , 
a t  1 4 0 -2 3 0 ^ /1 4  mm. (20  g . ) .
F r a c t io n  A y ie ld e d  2 -a m in o -5 -m eth o x y to lu en e , b . p .  
1 2 3 -1 2 8 0 /1 4  mm. (5  g . ; 23% y i e l d . ) .
F r a c t io n  B c r y s t î i l l i s e d  on s c r a t c h in g ,  and se p a r a te d  
from m ethanol a s  orange red  p r ism s , w hich proved  to  be 
r e g e n e r a te d  s t a r t in g  m a te r ia l  (1 6 .5  g . ) .
REDUCTION OF 3-lIETI10XY-6-BEMZElÆAZ0T0LUEhE WITH SnCIg IN H Cl.
A s o lu t io n  o f  th e  azo compound (10 g . )  in  m ethanol (200 c . c . )  
was g r a d u a lly  added, w ith  sh a k in g  and c o o l in g  in  an ic e  b a th ,  
to  a s o lu t io n  o f  SnClg (60  g . )  in  co n c . HCl (50  c . c . ) , and 
th e  r e a c t io n  m ix tu re  a llo w ed  t o  sta n d  a t  room tenç>erature o v er­
n ig h t .  The m ethanol was th e n  removed by steam  d i s t i l l a t i o n ,  
th e  aqueous r e s id u e  b a s i f i e d  w ith  NaOH, and th e  w hole a g a in  
steam  d i s t i l l e d .  O nly a t r a c e  o f  v o l a t i l e  am ines came o v e r .
FOIiilYLATION OF 2-AMINQ-5-lMETHQXYT0LUEIiE. -  A s o lu t io n  o f  
th e  amine (11  g . )  in  95^' form ic  a c id  (40 c . c . )  was re  f lu x e d  
f o r  one h o u r , th e n  d i s t i l l e d  in  v a c u o . The f r a c t io n  w hich  
came o ver  a t  1 9 7 -1 9 8 ^ /1 2  mm. a s  a p a le  y e l lo w  o i l  soon  
c r y s t a l l i s e d  to  an o f f  W hite s o l i d ,  m .p . 9 8 -1 0 2 0 , w ith  s i n t .  
from 90° ( 1 1 .5  g . ) . The m e lt in g  p o in t  o f  t h i s  s o l i d , 2 - fo r m y l-  
a m in o -5 -m eth o x y to lu en e , was r a i s e d  to  1 0 2 -1 0 3 °  by one 
c r y s t a l l i s a t i o n  from  a m ix tu re  o f  CTCI3 and l i g h t  p e tro le u m .
/ATTE..3>TED
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ATŒLIPTED RIIIG CLOSUPÆ OF 2^F0Rir£L'\IJIljQ->5-^^ÆTHQXyT0LUEm 
1 . -  S e v e r a l ex p er im en ts  were c a r r ie d  o u t ,  in  w hich th e  
tem perature and th e  d u r a tio n  o f  h e a t in g  were v a r ie d .  O nly  
one such  ex p er im en t w i l l  be d e s c r ib e d , s in c e  th e  v a r ia t io n  o f  
r e a c t io n  c o n d it io n s  d id  not m a te r ia l ly  a f f e c t  th e  r e s u l t s .
The fo rm y l conpound (5  g . )  was added t o  a s o lu t io n  
o f  p o ta ss iu m  ( 2 .2  g . )  in  t e r t i a r y  b u t y l  a lc o h o l  (50 c . c . ) , and 
th e  s o lu t io n  b o i le d  down t o  d r y n e ss  on an o i l  b a th . N itr o g e n  
was th e n  p a sse d  i n ,  and the- f l a s k  p lu n ged  in to  a le a d  b a th  a t  
360®. The tem p eratu re  was k e p t  a t  360-360^  f o r  f i v e  m in u te s ,  
d u rin g  w hich p e r io d  th e  whole m e lted  down, and much v o l a t i l e  
m a te r ia l  was e v o lv e d . The condensed  vap ours y ie ld e d  1 .4  g ,  
o f  2 - cam ino-5-m ethoxytoluene, b . p .  120-125® /lO  mm. (30% r e c o v e r y ) .
The b la c k  r e s id u e  in  th e  f l a s k  d is s o lv e d  c o m p le te ly  
in  w a ter; t h i s  aqfueous s o lu t io n  was th o r o u g h ly  e x tr a c te d  w ith  
e t h e r .  T h is  o n ly  removed .0 6  g .  o f  a  v e r y  dark brown r e s i n ,  
w hich gave a deep m agenta c o lo u r  w ith  E h r lic h * s  r e a g e n t ,  
in d ic a t in g  th e  p re se n c e  o f  a  c e r t a in  p r o p o r t io n  o f  5-m ethoxy  
in d o le  «
REDUCTION OF ETHYL CYCLOIIEXYLIDENE CYANOACETATE. -  a) The 
u se o f  A l/I îg  in  m o is t  e t h e r ,  d e s c r ib e d  by V ogel ( ^ S ) , gave a  
67% y i e l d  in s te a d  o f  th e  e x p e c te d  85%.
b) E th y l c y c lo h e x y lid e n e  c y a n o a c e ta te  (10 g . )  in  e th a n o l  
(100 c . c . )  was h yd rogen ated  a t  room te n p e r a tu r e  and p r e s su r e  in  
th e  p r e se n c e  o f  Adams’ p la tin u m  c a t a l y s t .  1300 c . c .  o f  
hydrogen were absorbed  in  j u s t  o v er  one h o u r . (T h e o r e t ic a l
/1 2 5 8  c . c . )
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1258  c . c * ) ,  and th e  p ro d u ct on d i s t i l l a t i o n  gave e t h y l  
c y c lo h e x y lc y a n o a c e ta te , b . p .  1 4 9 -1 6 1 ^ /1 4  ram. ( 9 . 6  g . , 
r e p r e s e n t in g  a 95% y i e l d . )
ALfüüjBE mimOLYSIS OF ETHYL CYC1.0IŒJCYLCYMQÀCETATE. -  T h is  
was c a r r ie d  ou t a c c o r d in g  t o  V o g e l’ s  in s t r u c t io n s  ( é S ) , t h a t  
i s  18 h r  s .  r e f lu x in g  in  e x c e s s  aqueous a lc o h o l ic  KOH. But 
in s t e a d  o f  o b ta in in g  a good y i e l d  o f  cy c lo h e x y lr a a lo n ic  a c id ,  
a m ix tu re  o f  t h i s  a c id  and i t s  mono amide was o b ta in e d , e a s i l y  
se p a r a te d  Dy th e  i n s o l u b i l i t y  o f  th e  l a t t e r  compound in  e t h e r .  
The y i e l d  o f  cy c lo h ex y lr a a lo n ic  a c id  was 60% o f  th e o r y , and o f  
th e  mono ami d e , 33%.
■LiONOAiJIDE_ OF CYCLOlîBXYLiiûlLONIC ACID, -  The secon d ary  p ro d u ct  
o f  th e  above h y d r o ly s is  was i d e n t i f i e d  a s  th e  mono amide o f  
cy c lo h ex y lr a a lo n ic  a c id  a s  f o l l o w s .
a) T i t r a t io n  a g a in s t  H /10 NaDH, w ith  p h e n o lp h th a le in  as  
in d ic a t o r ,  gave e s u iv a ie n t  w e ig h ts  o f  199 and 1 9 7 . T hese 
r e s u l t s  are  v ery  h ig h ,  f o r  th e  e q u iv a le n t  w e ig h t c a lc u la t e d  f o r  
th e  monoamide i s  1 8 5 , b u t th e y  show th e  p r e se n c e  o f  one 
ca r b o x y l p e r  m o le c u le .
b ) C a r e fu l h e a t in g  a t  190® r e s u l t s  in  smooth d e c a r b o x y la t io n .  
The e v o lu t io n  o f  COg c e a se d  a f t e r  about two m in u tes , md th e  
p r o d u c t, w hich s o l i d i f i e d  on c o o l in g ,  c r y s t a l l i s e d  from  e th a n o l  
as b e a u t i f u l  p r is m s , ra.p. 167 -168® , u n d ep ressed  by adm ixture  
w ith  a u th e n t ic  c y c lo h e x y la c e ta m id e , ra.p , 166-167® .
/ c )  The su b sta n ce
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c )  The su b sta n ce  (2  g . )  was r e f lu x e d  w ith  c o n c . HCl (30 c . c . )  
f o r  1^  h o u r s , when th e  w hole was c o o le d  and e x tr a c te d  w ith  
e t h e r .  T h is  y ie ld e d  a  w h ite  s o l i d ,  m .p . 1 7 8 -1 8 0 ° , w ith  
s in t e r i n g  from  1 7 0 ° ,  (1 .8  g . )  , shown to  be c y c lo h e x y lm a lo n ic  
a c id  by m ixed m e lt in g  p o in t .
The monoamide o f  c v c lo h e x v lm a lo n ic  a c id  i s  s p a r in g ly  
s o lu b le  in  m ost s o lv e n t s ,  and s e p a r a te s  from  a la r g e  volume 
o f  e th a n o l as sm a ll c o l o u r le s s  p r is m s , m. p.  175° d e c . , v a r y in g  
w ith  th e  r a te  o f  h e a t in g .  (Found: C, 5 9 . 3 ,  5 8 .8 5 ;
H, 7 . 8 ,  8 * 1 ; N , 7 . 4 .  CgH^gOgN r e q u ir e s  C, 5 8 .4 ;  H, 8 .1 ;
N , 7 . ^ )  •
DECARBOXYLATION OF CYCLGHEXYLIIALGNIC ACID. -  The m alon ic  
a c id  (2  g . )  was h e a te d  in  an o i l  b a th  a t  200° ,  when smooth  
d e c a r b o x y la t io n  occun^ed and was co m p lete  in  f i v e  m in u te s .  
D i s t i l l a t i o n  o f  th e  p ro d u ct y ie ld e d  c y c lo h e x y la c e t ic  a c id ,  
b . p .  2 4 0 -2 5 0 °  ( 1 .4 5  g . ,  r e p r e s e n t in g  a  95% y i e l d ) .
ACID HYDROLYSIS OF ETHYL CYCLOIT^ XYLCYAT-IOACETATE. -  The 
e s t e r  (1 5  g . )  was re  f lu x e d  w ith  conc: HCl ( 6C) c . c . )  f o r  f i v e  
h o u r s , th e  o r g a n ic  m a te r ia l  was th e n  extr?acted  w ith  e t h e r ,  and 
th e  e th e r  s o lu t io n  e x tr a c te d  w ith  d i l u t e  aqueous NeOH.
The e th e r  la y e r  gave th e  n e u tr a l  m a te r ia l  a s  a  m o b ile  
l i q u i d  w hich  b o i le d  o v er  th e  w ide ran ge o f  2 0 0 -2 8 0 °  (2 .1  g . )
The a lk a l in e  la y e r  was a c i d i f i e d  and th o r o u g h ly  
e x tr a c te d  w ith  e t h e r . T h is r e s u l t e d  in  th e  i s o l a t i o n  o f  th e
/ a c i d i c
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a c id ic  m a te r ia l  a s  a y e l lo w  sy r u p , w hich c r y s t a l l i s e d  on 
s ta n d in g . The s o l id  was n o t p u r i f i e d ,  b u t h e a te d  d i r e c t l y  
t o  2 0 0 ^ , when d e c a r b o x y la t io n  o c c u r r e d . The p rod u ct was a  
m o b ile  l iq u id  w hich d i s t i l l e d  a t  212-220® ( 6 . 1  g . ) .  I t  was 
in s o lu b le  in  d i l u t e  aqueous a l k a l i ,  and i s  v er y  l i k e l y  t o  be  
c y c l o h e x y l a c e t o n i t r i l e , b . p .  2 1 5 ° .
CYCLOIIEXYLACETYLTKYITAkill l^E. -  A s o lu t io n  o f  c y c lo h e x y l a c e t i c  
a c id  ( 1 .4  g . )  in  e th a n o l (5  c . c . )  was added t o  a h o t  s o lu t io n  
o f  t r y p t  amine ( 1 .6  g . , one e q u iv a le n t )  in  e th a n o l (10 c . c . ) ,  
when -almost im m ediate c r y s t a l l i s a t i o n  o f  th e  s a l t  o c c u r r e d . 
A fte r  c o o l in g ,  th e  p rod u ct was f i l t e r e d  o t T  and d r ie d  ( 2 .7 4  g . )  ; 
c o n c e n tr a t io n  o f  th e  m other l iq u o r  y ie ld e d  a fu r th e r  q u a n t ity  
o f  m a te r ia l .  T o ta l y i e l d  2 .8 3  g .  ; 9 % .
Tryptam ine c y c lo h e x y la c e t a t e  form s lo n g  c o lo u r le s s  
p r is m s , m.p* 1 8 1 -1 8 3 0 .
The SExlt (1 0 .7 4  g . )  was h e a te d  in  an atm osphere o f  
n itr o g e n  a t  215-2200  in  an  o i l  b a th ; th e  a d d it io n  o f  a sm a ll  
p ie c e  o f  p o ro u s p o t  t o  th e  m elt f a c i l i t a t e d  th e  e v o lu t io n  o f  
w ater  vap ou r. A fte r  4 5  m in u te s , th e  p ro d u ct w as c o o le d  and 
d is s o lv e d  in  pure benzene (100  c . c . ) .  The b en zen e s o lu t io n  
was w e ll  e x tr a c te d  w ith  d i lu t e  H C l, th e n  w ith  d i lu t e  NaOH, 
d r ie d  o v er  anhyd. H a g ^ ^ , and c o n c e n tr a te d  to  about 30 c . c .  
C ir / s t a l l i s a t io n  occuinred on c o o l in g ,  and th e  s o l i d  was f i l t e r e d  
o f f  ( 8 .1 5  g . )  ; a fu r th e r  q u a n t ity  o f  p rod u ct was o b ta in e d  by  
fu r th e r  c o n c e n tr a t io n  o f  th e  m other l iq u o r .  T o ta l  y i e l d  o f  
p u re , w h ite  m a te r ia l  w as 8 .5 1  g .  ; 85%.
/ C y c  lo h e  x v l  ac e t  v l -
— 125 —
C vcloheyvlacetvltrvptam ine c r y s t a l l i s e s  from benzene as 
co lo u r le ss  rectangu lar p la te s  and prism s, ra.p. 81-82®, s i n t .80®. 
(Found: C, 7 6 .7  , (7 ; II, 8.3^ ; H, 9 .4^^- /  .
C18H24ON2 req u ires C, 7 6 .1 ; H, 8 .4 6 ; N, 9.9% ).
2-CYCLGIIEXYLiÆ:THYL-4.5-DB1YDH0-3-.CARB0LDEB (r "  ) . -  F resh ly  
d i s t i l l e d  PO C I3  ( 2 . 5  c . c . )  was added to  a so lu tio n  o f  
cyclohexylacetyltryptam ine (1 .0  g .)  in  pure, dry benzene 
(30 C . C . ) ,  and the whole was re flu x ed  fo r  one hour. The 
b o ilin g  l iq u id  soon became deep red in  co lou r , then gradually  
paled to  orange. Water was then  c a r e fu lly  added to  th e  
cooled  re a c tio n  so lu tio n  to  decompose the ex cess  POCl^, the  
\diole tran sferred  to  a separatin g  fu n n e l, and shaken w ith  
ex cess 20% aqueous KOH. A pale yellow  amorphous s o lid  
separated o u t, which was f i l t e r e d  o f f ,  a fte r  a llow ing the whole 
to  stand for  a few hours; w t. ,833 g . ,  ra.p. 130-160®. The 
yellow  benzene so lu tio n  was separated from the aqueous a lk a l i ,  
d ried , and b o iled  down, when a deep yellow  r e s in  was obtained  
(.146  g . ) .
The amorphous s o lid  was c r y s t a l l is e d  from ethanol in  
three f r a c t io n s , the la s t  o f  which had to  be r e c r y s ta l l is e d :  
pqle yellow  c r y s ta ll in e  s o l id ,  m.p,  174-176° p rev , s i n t . (.6 6 5  g . ) .
The yellow  r e s in  was d isso lv ed  in  a l i t t l e  e th a n o l, 
and trea ted  w ith ex cess  a lc o h o lic  p ic r ic  a c id , when, on 
scra tch in g , a p ic r a te  m.p. 202-204® d ec. from 195° separated 
out (.1 1 6  g . ) . This was c r y s ta l l is e d  from eth a n o l, y ie ld in g
/th e  pure
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the pure p ic r a te , m.p. 218-220® d ec. ( .0 3 4  g . ) . T otal y ie ld  
o f  pure base then was *683 g . ;  7 3 % ,
2^ velQ hex7 lm eth v l-4 .5-dihvdrQ -3-carboline c r y s t a l l i s e s  from 
ethanol as c o lo u r le s s  tra p ezo id a l p la te s ,  ra.p* 176-177® s in t .  
175®, and from d ie th y l eth er  as slender n eed les o f  th e same 
ra.p. (Found: C, 79 .15  ; H, 8*2 ; N, 10 .7
CigHggNg req u ires C, 8 1 .2 ; H, 8*3; IT, 10.56^0.
The p ic r a te  c r y s t a l l i s e s  from ethanol as yellow  
l e a f l e t s  m*p* 220-221® d e c . , gradual darkening from about 200®. 
(Pound: C, 58*25; H, 5 .05 ; IT, 14*6* ^24^2^7^^5
C, 5 8 .2 ; H, 5 .05 ; N, 14.15%) .
The hydrochloride was obtained as yellow  n eed les  
from hot d ilu te  îîC l, ra.p. 241*5-242.5®, s in t .  238®.
i
2-Cm4QHL>XYLMBTKYU.2 ^ 3.4  *5-^THAII^HO-3-CARBOLIliE (x/v _ 
Sodium (15 g .)  was added over a period  o f  2 to  3 m inutes to  a 
re flu x in g  so lu tio n  o f  th e  dihydrocarboline (2 .1 1  g .)  in  
n -b u ty l a lcoh o l (125 c . c * ) .  R efluxing  was continued , w ith  
shaking, u n t i l  the rea c tio n  mixture had become p asty  owing to  
the sep aration  o f the sodium butoxide (about 15 m in u tes).
The w hole, w hile s t i l l  h o t , was poured in to  ex cess  methanol, 
contained in  a la rg e  co n ica l f la s k ,  to  d estroy  the excess  
sodium, and th e r e s u lt in g  c lea r  so lu tio n  steam d i s t i l l e d  to  
remove the a lcohols*  The reduced b a se , a pale yellow  gum, 
was taken up in  e th e r . When d ilu te  HCl was added to  t h i s  
eth er  s o lu t io n , the hydrochloride o f  the tetrahydrocarbol?
/separated
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separated out in  a pure s ta te  as a cream coloured powder,
m.p. 261-2530 (2 .0 4  g . ;  85%).
2-Cvnlohe xvlmethvq n i 11 J |lt i ie iî1 T lr n  ^as found
to  be very so lu b le  in  e th a n o l, f a i r ly  so lu b le  in  e th er  and 
so lu b le  in  h o t , but sp arin g ly  so lu b le  in  co ld  l ig h t  petroleum . 
Slow c r y s t a l l i s a t io n  from eth an ol y ie ld s  la rg e  tra p ezo id a l 
p la te s ,  m.p. about 60®, r e s o l id i f y in g ,  and rem elting  a t 122- 
122. 50 . C r y s ta ll is a t io n  from e ith e r  eth er  or l ig h t  petroleum  
(60-80®) g iv e s  c o lo u r le s s  elongated  hexagonal p la te s  m.p. 122- 
122.5® . The low m elting  form i s  u n a ffected  by two h ours’ 
standing at 40® /.1  mm. over P4O10 , but grad u ally  changes to  the  
high  m eltin g  form over a period  o f  sev era l d ays. The h igh   ^
m elting form sublim es slow ly  a t 110-1150/10“  ^ mm, y ie ld in g  
the low m elting form. (Pound; C, 8I .O 5 H, 8 , 86; N, 1 0 .2 .  
CigHg^Ng req u ires  C, 8 0 .6 ; î î ,  8 .9 5 ; N, 10.46% ).
The hydrochloride sep arates as c o lo u r le s s  elongated
hexagonal p la t e s ,  m.p, 254-2550, s in t .  252®, when concentrated  
HCl i s  added to  an a lc o h o lic  so lu tio n  o f  the b a se .
The m ono-acetvl d e r iv a tiv e  sep arates out in
q u a n tita tiv e  y ie ld  (32 mg.) when a c e t ic  anhydride ( .5  c . c . )  i s  
added to  th e  base (28 mg. ) .  3 -A c e ty l-2 - cyclohexylm ethyl-
2 , 3 ,4 ,5 - tetrah yd ro-3 -carb o lin e  c r y s t a l l i s e s  from ethanol as 
c o lo u r le s s , s to u t  p o in ted  prism s ra.p. 262-263®; i t  i s  
p r a c t ic a l ly  in so lu b le  in  cold a c e t ic  anhydride and in  co ld  
eth a n o l. (Found; C, 7 7 .1 ;  H, 8 ,0 5 ; N, 8 .8 5 . CgQHg^Ng 
req u ires C, 7 7 ,4 ;  H, 8 , 4 ;  IT, 9 .0 ^ )  .
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m m C T im  OF S-CYCWmXXLmmYL-R . 3 .4  
A so lu tio n  o f  the base (.380  g .)  in  50% HgSO  ^ (80 c . c . )  was • 
reduced e le c t r o ly t ic a l ly  between lead  e le c tr o d e s . A current 
o f  .02 am p./sq.cm. was passed fo r  s ix  hours, th e  temperature 
being kept a t 70® by ex tern a l h ea tin g . The ca th o ly te  was 
b a s if ie d  w ith NH3 , the bases extracted  w ith e th e r , and the eth er  
so lu tio n  shaken w ith ex cess  d ilu te  HCl. The hydrochloride o f  
the unchanged tetrahydrocarboline was f i l t e r e d  o f f  (90 m g., 
m.p. 242-249® s i n t . ) ,  the c le a r  aqueous and ether la y e rs  were 
then separated, and the eth er ex tracted  w ith two fu rth er p ortion s  
o f d ilu te  HCl. B a s if ic a t io n  and ether ex tra c tio n  o f the  
combined acid  e x tra c ts  y ie ld ed  a p a le  yellow  syrup (.244  g . ) ,  
very so lu b le  in  a l l  organic so lv e n ts;  i t  could not be induced 
to  c r y s t a l l i s e .
Attenç)ts to  form a c r y s ta ll in e  s a l t  w ith p ic r ic ,  
styp h n ic , h yd roch loric , and p erch lo r ic  acids f a i le d .
A so lu tio n  o f  the amorphous base ( .1 0 4  g .)  in  a c e tic  
anhydride ( 2 c . c . )  was warmed a l i t t l e ,  and allowed to  stand  
at 0® fo r  two hours. The a c e ty l d er iv a tiv e  o f the unchanged 
tetrah yd rocarb o lin e, which c r y s ta l l is e d  o u t, was f i l t e r e d  o f f  
(11 mg. , m.p. 257-269®), and the f i l t r a t e  heated at 100® fo r  
f iv e  hours. The brown so lu tio n  was worked up fo r  neutral 
m ateria l (91 mg. ) ,  vftiich was then subjected to  short path  
d i s t i l l a t io n  at 130®AO*^ ram. The co lo u r le ss  r e s in  Which 
passed over could not be induced to  c r y s t a l l i s e .
/6-mTHOXY-
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.2  ^3 ( -  Ù .  a) The
in s t r u c t io n s  g iv e n  by B orsche ( 7 ^ )  were fo llo w e d . The y ie ld  
o f  product was 61%t i t  c r y s t a l l i s e d  a s  c o lo u r le s s  p r ism s, 
m .p. 103-104® . The p ic r a te  sep a ra ted  from ^ethanol a s  deep  
purp le  e lo n g a ted  b la d e s ,  m .p , 128-129® d e c .
b) A m ixture o f  p -a n is id in e  (9  g . ) , 2 - ch lorocycloh exan on e  
(9  g . ) , and anhydrous sodium a c e ta te  (7  ^ g . )  was h ea ted  to  170® 
in  an o i l  b a th , \^ en  a v ig o r o u s  exotherm ic r e a c t io n  s e t  in ,}
When i t  had su b s id e d , th e  b la c k  r e a c t io n  product was c o o le d ,  
w ater and e th e r  were added, and th e  whole w e ll  shaken. The 
aqueous la y e r  was e x tr a c te d  w ith  two more p o r t io n s  o f  e th e r ,  
the combined e th e r  e x t r a c t s  fr e e d  from b a s ic  m a te r ia l by two * 
sh ak in gs w ith  d i lu t e  HCl, d r ie d , and b o i le d  down. The alm ost 
b la ck  n e u tr a l m a te r ia l was d i s t i l l e d  in  v a cu o , When th e  
fi* a ctio n  coming over betw een 210® and 260® p a r t i a l l y  crystaOQlsed: 
c r y s t a l l i s a t i o n  o f  t h i s  from e th a n o l y ie ld e d  crude 6-m ethoxy-
te tra h y d ro ca rb a zo le  ( 1 .9  g . ,  14% y i e l d ) .
/
The fo l lo w in g  r e a c t io n  c o n d it io n s  were a ls o  t r i e d ,  
but w ith  no improvement in  th e  y i e l d .  (a) The v ig o u r  o f  th e  
exotherm ic r e a c t io n  was c o n tr o l le d  by c o o l in g ,  and h e a t in g  was 
then  co n tin u ed  f o r  30 m in u tes . (b) Anhydrous sodium a c e ta te  
was rep laced ^ b y th e  same w eigh t o f  anhydrous KgCOg, and th e  
r e a c t io n  a llow ed  to  proceed  v ig o r o u s ly .  (c )  A gain u s in g  
hgCOs, b u t c o n t r o l l in g  th e  r e a c t io n ,  and h e a t in g  f o r  a fu r th e r  
30 m inu tes a t  150®.
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6-mTH0XY-1 .2 ,3 .4 .10 .ll--HBXAHmiOCAHBA2QLE . A
so lu tio n  o f  G-methoxybetràhydrocarbazole (2 .39  g .)  in  50%
H2SO4 (40 c . c . )  was reduced e le c t r o ly t ic  a l ly  between lead  ' 
e lec tro d es; a current o f  .0 3 am p./sq. cm. was passed in  fo r  
e igh t hours, the temperature r is in g  from 15^ to  3 0 ° . The 
ca th o ly te  was rendered a lk a lin e  w ith aqueous ammonia, and the  
Whole extracted  w ith e th e r . Non b a sic  m ateria l was removed 
by ex tra c tio n  o f  the eth er so lu tio n  with d ilu te  a c id , b a s i f i ­
ca tio n  o f  the aqueous acid  e x tr a c ts , and r e -e x tr a c t  ion with  
e th er . The b a se , 6-m eth oxy-l,2 ,3 ,4 ,1 0 ,11-hexahydrocarbazole, 
d i s t i l l e d  a t 172®/9  ram. as a c o lo u r le ss  syrup (2 .01  g * , 83% 
y ie ld )  which could not be induced to  c r y s t a l l i s e .
The p icra te  was prepared by mixing a hot so lu tio n  o f  
the base ( .9  g .)  in  e th a n o l (15 c . c . )  w ith a hot so lu tio n  o f  
p ic r ic  acid  (1 .1  g .)  in  eth an o l (15 c . c . ) .  I t  c r y s ta l l is e d  
out as yellow  n eed le s , m.p. 156-157° d e c . , s in t .  150° (1 .67  g .)  
Four c r y s ta l l is a t io n s  from the same so lven t y ie ld ed  the pure 
substance, m.p. 157-158® d e c . ,  s in t .  156®. (Found: C, 53 .2 ;
H, 4 .6 ;  N, 1 3 .6 . ^19^2008^4 requ ires C, 5 2 .8 ; H, 4 .6p |ia0% ^
Concentration o f  th e  o r ig in a l p icra te  mother liq u b rs  
y ie ld ed  a second crop, m.p. 155-180® (.2 0 6  g . ) , v«hich a f te r  two 
r e c r y s ta l l is a t io n s  from ethanol had a m elting p o in t o f  207-2080  
d e c . ,  gradual s in t .  from 200®, unchanged by two more cry sta liisa -r  
t io n s  (.090  g . ) .  (Founds C, 5 3 .4 ; H, 4 .5 ;  N, 1 2 .5 .




anhydride (6 c . c . )  was added to  the base (1 ,04  g . ) , when heat 
was evo lved , and the so lu tio n  darkened considerably; a f te r  
heating a t 100® fo r  two hours in  the presence o f  a trace  o f
 ^ 5 I
HgSO^, the rea ctio n  mixture was poured in to  d ilu te  aqueous
f 1,
ammonia, and, a fte r  shaking to  coii^ lete the h yd ro lysis  o f the 
a c e tic  anhydride, was extracted  w ith e th er . The eth er so lu tio n  
was freed  from b a sic  m ateria l by shaking tw ice with d ilu te  add, 
d ried , and b o iled  down. The resid ue d i s t i l l e d  at 199-200V  
1 .3  mm. as a syrup w ith a green ish  f lu o rescen ce . The 
d i s t i l l a t e  was d isso lv ed  in  hot l ig h t  petroleum (80-100®) , from 
Which i t  separated out as a white c r y s ta ll in e  powder, m.p. 88-  
91® ( . 78  g . ) . Several c r y s ta l l is a t io n s  from 90% ethanol 
ra ised  the m elting p o in t to  a constant 100- 102®, c lea r in g  a t  
103®; "Ir  ^ 111 rT 111  ^ 1
from ethanol as co lo u r le ss  prism s. (Found; C, 7 3 .3 ; H, 7 .4 ;  
N, 6 . 0 .  C g^H g^OgN requ ires C, 73 .45 ; H, 7 .7 5 ; N, 5 . 7 . )
C r y s ta llisa t io n  o f the product m.p. 100-102® from 
l i ^ t  petroleum (60-80®) y ie ld s  sto u t co lo u r le ss  rhombs m.p. 
92-94®.
EBPAUg At the
beginning o f  one o f  the e le c t r o ly t ic  reductions o f 6-methoxy- 
tetrahydrocarbazDl e , the e lec tro d es  were connected wrongly, 
r e su lt in g  in  a short period o f anodic o x id a tio n . The 
reduction  was then carried  o u t, and the product was a cety la ted
/and worked up
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and worked up as above. The f r a c t io n  b . p .  1 9 9 -2 0 0 ° /1 .3  ram. 
was c r y s t a l l i s e d  from e th y l a c e ta te ,  and subsequently  
f r a c t io n a l ly  c r y s t a l l i s e d ,  when the l e a s t  so lu b le  p o rtio n  was 
found to  m elt a t  164-166®. From 1 6 .9  g .  o f  d i s t i l l e d  
a ce ty la te d  m a ter ia l were obtained  3 ,7  g . o f  m .p, 164-166®,
3 .9  g .  o f  m .p. 90-91® , .6  g .  o f  m .p. 87-90®! mother liq u o r s  
gave 7 .5  g ,  o f  brownish syrup.
S evera l c r y s t a l l i s a t io n s  o f  th e  h igh  m eltin g  
fr a c t io n  from e th y la c e ta te  y ie ld e d  c o lo u r le s s  p rism s, m .p. 
166-167® s l ig h t  d e c . ,  s i n t .  164®. (Found; C, 6 5 .0 5 ; H, 6 . 7;
N,  5 .0 5 . req u ires  C, 6 5 .0 ;  H, 6 ,8 5 ;  N , 5 .1  %.)
T his confound rea c ted  w ith  n e ith e r  sem icarbazide nor 
B rady's re a g en t. I t  rea cted  v io le n t ly  w ith  concentrated  
H2SO4  even a t 0®, w ith  th e  e v o lu t io n  o f  much h eat and th e  
form ation o f  a dark red d ish  brown s o lu t io n .
A so lu t io n  o f  the compound in  p yrid in e  was tr e a te d  
w ith a s o lu t io n  o f  a c e ty l  ch lo r id e  in  p y r id in e . The product 
was a p a le  y e llo w  syrup Which cou ld  not be induced to  crystallise,
^BmmiGANATE QXHJATIOK o f  6-MSTHOXY TETMIiyPHQCARBAZOLE.
a) A s o lu t io n  o f KMnO^  (9 ,8 5  g , » 19 oxygens) in  200 c . c .  o f  
50% aqueous acetone was added, over a p eriod  o f  seven h ours, 
to  a w e ll s t ir r e d ,  b o i l in g  s o lu t io n  o f  6-raethoxy tetrah yd ro-  
carbazole (1 g . )  in  50 c . c .  o f  60% aqueous a ce to n e . The 
MnOg was then  f i l t e r e d  o f f ,  washed w ith  aceton e , and the  
combined f i l t r a t e s  b o ile d  under reduced p ressu re to  remove 
the a ce to n e .
— Ii5t5 —
The cloudy aqueous so lu t io n  was w e ll ex tra c ted  w ith  ether; 
t h i s  removed a hard brown r e s in  ( .1 9 5  g . )  which could  not be 
induced to  c r y s t a l l i s e .
The aqueous la y e r  was then  a c id i f ie d  to  Congo Red by 
d ilu te  HCl; a f te r  stand ing  fo r  one week, some amorphous s o l id  
which had separated  out was f i l t e r e d  o f f  (81 mg. = S o lid  A ).
The f i l t r a t e  was w e ll  ex tra c ted  w ith  e ig h t  p o rtio n s  o f  e th er;  
the dried e th e r e a l so lu t io n  was b o ile d  down, and th e  resid u e4 i ,  '
heated  to  100° /IG mm. fo r  10 m inutes; i t  was th en  ob tained  as  
a brown syrup ( .2 7 3  g . ) • This was d is so lv e d  in  d ilu te  aqueous 
sodium carbonate, the r e s u lt in g  brov/n so lu t io n  ex tra c ted  w ith  
e th e r , a c id i f i e d ,  and again  ex tra c ted  w ith  eth er: the l a t t e r
e x tr a c ts  gave a brovfli syrup (E xtract B ) .
S o lid  A was tr e a te d  w ith  d i lu te  aqueous sodium * Un;  
carbonate, when a very  dark so lu t io n  was o b ta in ed , a good 
proportion  rem aining u n d isso lv ed  as a b lack  gum; th e  a lk a lin e  
so lu t io n  was ex tra c ted  w ith  e th e r , a c id i f ie d ,  and r e -e x tr a c te d  
th ree tim es w ith  e th e r . The l a t t e r  e x tr a c ts  were combined 
w ith E xtract B , th e t o t a l  w eight o f  t h i s  f r a c t io n  beinfe .120 g .
E s té r if ic a tio n  w ith  e th e r e a l diazomethane gave a brown 
syrup , which p a r t ia l ly  c r y s t a l l i s e d  on sta n d in g . The whole 
was d is so lv e d  in  a l i t t l e  h ot m ethanol, when, on c o o lin g  and 
sc ra tch in g , a cream coloured s o l id  separated  out; t h i s  m elted  
at about 90^, and was su b jected  to  short path d i s t i l l a t i o n  at  
1 2 5 0 /,3  xmn. The sublim ate (1 3 .5  rag.) had a m eltin g  p o in t o f
/102-104® , w ith
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102-104°, w ith  s in te r in g  from 90°. One c r y s t a l l is a t io n  from 
methemol gave a pure product as c o lo u r le ss  rectangu lar prism s, 
mpt. 1 0 7 .5 -1 0 8 ° .
This s o l id  gave a p o s it iv e  Las saigne t e s t  fo r  
n itro g en , and a n egative t e s t  w ith  E h rlich *s rea g en t, even on 
prolonged b o i l in g .
The mother liq u o r s  from th e f i r s t  c r y s t a l l i s a t io n  
were evaporated to  dryness, and the r e s id u e , a bro\m gum, 
re flu x ed  w ith  conc. HCl; the r e a c tio n  mixture ra p id ly  assumed 
a very in ten se  p u rp lish  black  co lo u ra tio n , and was not fu rth er  
in v e s t ig a te d .
b) A so lu tio n  o f KMnD^  (7 .3 5  g . , eq u iva len t to  14 oxygens) 
in  water (160 c . c . )  was slow ly  added over a period  o f  two hours 
to  a w e ll s t ir r e d  suspension o f  6-methoxy tetrahydrocarbazole  
(1 g . )  in  water (150 c . c . )  a t 7 0 ° . Towards th e end o f  the  
ad d ition  o x id a tio n  became very slow , and was not complete a f te r  
a fu rth er  3 hours a t 7 0 ° . A fter  standing overn igh t, th e MnOg 
was f i l t e r e d  o f f ,  and washed w ith  water; the combined f i l t r a t e s  
were tr e a te d  w ith a l i t t l e  SOg to  remove ex cess  permanganate, 
and b o iled  down to  80 c . c .  in  vacuo. This so lu tio n  was 
thoroughly extracted  tw ice w ith  e th e r , when on ly 1 mg. o f  a 
co lo u r le ss  gum was removed; i t  was then a c id if ie d  to  Congo Red 
w ith d ilu te  HCl, and extracted  e ig h t  tim es w ith e th er , when a 
p ale  brown c r y s ta ll in e  paste was obtained (.1 5 8  g .)  . This was 
e s t e r i f ie d  w ith  ex cess  diazom ethane, when a mixture o f  e s te r s
/was obtained
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was obtained  as a r e la t iv e ly  mobile l iq u id .  T his was 
subjected  to  short path d i s t i l l a t i o n  a t  60® /.1  mm., when a 
c o lo u r le s s ,  o d o u r less , m obile o i l  passed  over ( .1 0 6  g . ) . A 
p o rtio n  o f  t h i s  m ateria l was tr e a te d  w ith  *880 aqueous ammonia, 
when, eufter standing fo r  24 h ours, a c r y s ta l l in e  s o l id  was
i .
o b ta in ed . C r y s ta ll is a t io n  from a r e la t iv e ly  large  volume o f  
methanol gave a w hite m ic r o c r y s ta llin e  s o l id ,  m p t ,  225-226®, 
w ith s in te r in g  from 220®. This m eltin g  p o in t v/as undepressed  
by admixture w ith adipam ide, 222-224®, w ith  s in te r in g
from 219®.
The resid u e in  th e  short path d i s t i l l a t i o n  apparatus 
Was heated  to  120-130® /.1  mm. When a very sm all q u an tity  o f  
c r y s ta l l in e  p aste  came o v er . T his was tr e a te d  w ith  two drops 
o f  m ethanol, but th e  q u an tity  o f  c r y s t a l l in e  m ateria l thus  
obtained  was too  sm all even fo r  f i l t r a t i o n .
i
E x tra ctio n  o f  the MnOg formed in  th e  o x id a tio n  gave 
a brown amorphous r e s in  ( .1 4 2  g . ) .
PERMMIGAiIAŒ 0XI1AX‘I0H OF 6-3vETIiDXY m m ir o m C A B M Z O L E . A 
so lu t io n  o f  KMnO^  (7*66 g . ,  eq u iv a len t to  15 oxygens) in  water 
(200 c . c . )  was added over a p eriod  o f  2^ hr s .  to  a w e ll  
s t ir r e d  n eu tra l aqueous suspension  o f  6-methoxy hexahydro- 
carbazole (1 g .)  a t 65-70®. O xidationiproceeded ra p id ly  
u n t i l  near th e  end o f  the a d d itio n ; a f te r  s t ir r in g  fo r  a 
fu rth er  ^ h r . a t  70^ , o x id a tio n  was com plete, and the MnOg was 
f i l t e r e d  o f f .  The MnOg was then  d ig e s te d  fo r  one hour w ith
/b o i l in g  water
— X(5ô —
b o i l in g  w ater and f i l t e r e d ;  th e  combined f i l t r a t e s  were 
con cen trated  in  vacuo to  50 c . c .  E th er e x tr a c t io n  o f  t h i s  
brownish y e llo w  s o lu t io n  y ie ld e d  o n ly  4  mg, o f  r e s in ;  the  
MnOg was not in v e s t ig a te d .
The eiqueous la y e r  was th en  a c id i f ie d  to  Congo Red 
w ith  d i lu t e  HgSO^, and ex tra c ted  e ig h t  tim es w ith  e th e r .
T h is y ie ld e d  a brow nish c r y s t a l l in e  p a ste  ( ,207 g . ) f  which was 
p u r if ie d  by s o lu t io n  in  d i lu te  a l k a l i ,  e x tr a c t io n  o f  the  
a lk a lin e  s o lu t io n  w ith  e th e r ,  a c i d i f i c a t i o n ,  and e x tr a c t io n  
w ith  s ix  l o t s  o f  e th e r .  T h is again  gave a brownish  
c r y s t a l l in e  p a ste  ( ,1 5 2  g . ) , which was th en  t r e a te d  w ith  
e x c e ss  diazom ethane; a v ig o ro u s e v o lu t io n  o f  occu rred , 
and a f t e r  15 m in s ,, th e  e th e r  and e x c e s s  rea g en t b o ile d  o f f .
The re s id u e  was a m obile o i l  which shov/ed no tendency to  
c r y s t a l l i s e ,  even a f t e r  stan d in g  in  a l i t t l e  methanol o v e r n ig h t.
The e s t e r  m ixture w as, a s b e fo r e , su b jec ted  to  sh ort  
path  d i s t i l l a t i o n  a t  5 0 -6 0 ® /,1  ram,, When a c o lo u r le s s  m obile  
o i l  p assed  over (90 m g ,) . The r e s id u e  was a brown syrup ,
^ i c h  was d is s o lv e d  in  a l i t t l e  methanol and allow ed  to  stand; 
c r y s t a l l i s a t io n  occu rred , and th e  s o l id  f i l t e r e d  o f f  (5  m g ,) . 
T his was c r y s t a l l i s e d  tw ice  from m ethanol, when i t  was ob ta in ed  
as very  p a le  brown, r e c ta n g u la r  p r ism s, trç)t, 103-104,6^  (1  m g .) .  
A mixed m eltin g  p o in t  w ith  th e  s o l id  rapt, 1 0 7 -1 0 8 ,5 ® ,ob ta in ed  
in  o x id a tio n  (a) o f  6 -m eth oxytetrah yd rocarb azo lé , came to  106- 
108®, w ith  s in t e r in g  from 103®, The su b stan ces are th e r e fo r e  
id e n t i c a l ,
/The m obile
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The m o b ile , v o la t i l e  e s t e r  was tr e a te d  w ith  ammonia 
as in  th e p rev io u s experim ent, and th e product obtained  shown 
to  be adipam ide.
METHYL ESTER OF ADIPAMIC ACID, E xcess o f  an e th er  so lu t io n  
o f  diazomethane was added to  a so lu t io n  o f  pure adipamic acid :  
immediate e v o lu t io n  o f  n itro g en  occurred . The s o lu t io n  was 
con centrated  down to  very sm all b u lk , when a White c r y s t a l l in e  
p a ste  o f  th e e s te r  formed on c o o lin g . The s o l id  was f i l t e r e d
o f f 5 i t  H alted  a t 89-91®, s i n t .  86®. I t  was found to  be
very  so lu b le  ± h  chloroform  and in  m ethanol, sp a r in g ly  so lu b le  
in  b o il in g  l i ^ t  petroleum  (60-80® ), and to  c r y s t a l l i s e  w e ll  
from benzene as recta n g u la r  p la t e s ,  m .p. 9 0 .5 -9 2 .5 ® , s i n t .  88®.
S- and 7 -  LiETHDXY.l .2 .3  .4^gETRjmimCA]mAZ0LE _(__________ 1 .
Cyclohexanone (7 g .)  and m-methoxyphenylhydrazine (10 g .)  were 
m ixed, when an exotherm ic r e a c t io n  occurred w ith  th e  form ation  
o f  w ater . The m ixture was h eated  fo r  te n  m inutes a t 100®, 
co o led , and e th er  and w ater were added. The d r ied  e th er  la y e r  
y ie ld e d  cyclohexanone m-methoxyphenylhydrazone a s  an orange 
coloured  syrup vhich  b o ile d  w ithout decom position  between 220 
and 230® a t 15 mm., and vdiich darkened q u ick ly  when exposed  
to  th e  atm osphere.
A so lu t io n  o f  th e  crude product from th e  above 
r e a c t io n  in  g la c ia l  a c e t ic  a c id  (70 c . c . )  was c a r e fu l ly  heated  
to  b o i l in g ,  and removed from th e  source o f  h ea t as soon as th e
/v ig o r o u s
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v igorou s r e a c t io n  s e t  in .  When t h i s  had abated , th e  red  
so lu t io n  was b o ile d  fo r  a fu r th e r  te n  m inu tes. The c r y s t a l l in e  
m a ter ia l which separated  out on c o o lin g  was f i l t e r e d  o f f ,  and 
heated  in  vacuo to  remove a l l  th e a c e t ic  a c id  adhering to  i t s  
m .p. 146-147® , s in t .  143° (7 ,0  g , , f r a c t io n  A) •
The a c e t ic  a c id  f i l t r a t e  was b o ile d  down to  sm all 
b u lk , and th e  re s id u e  d i s t i l l e d  in  vacuo. A fte r  a forerun
o f  ac e t  amide, th e  methojQrtetrahydrocarbazole m ixture came;
over a t 220-230^/16 mm. T his f r a c t io n  was d is so lv e d  in  hot 
m ethanol, and the c r y s t a l l in e  m a ter ia l Which separated  out on 
c o o lin g  was f i l t e r e d  o f f  and d ried : m .p. 99-103® w ith  p rev io u s
s in te r in g  (4 .4  g . , f r a c t io n  B ) .
S evera l c r y s t a l l i s a t io n s  o f  f r a c t io n  A from eth an o l 
r a ise d  th e  m eltin g  p o in t to  a con stan t 149-150® % a  
c r y s t a l l i s a t io n  from g la c ia l  a c e t ic  a c id , and su b lim ation  at 
140®/10“  ^ ram. d id  not change th e  m eltin g  p o in t .  T his compound, 
% m m eth oxv-l,2 ,3 ,4-tetrah vdroaarb azole . sep a ra tes  from eth an o l 
as ir r e g u la r  c o lo u r le s s  l e a f l e t s .  (Found: C, 7 6 . 6 5 , )
H, 7 . 2 , y6^; N , 7 .6 6 ,  re q u ir e s  C, 7 7 .6 ;  H ,7 .4 6 ;
N, 7,0% .)
The p ic r a te ,  vh ich  i s  very  so lu b le  in  e th a n o l, 
c r y s t a l l i s e s  from t h i s  so lv e n t  as brown p rism s, ra.p. 137-138®, 
s i n t .  136®. Mixed m eltin g  p o in t w ith  the fr e e  7-m ethoxy- 
tetrah yd rocarb azo le  comes to  122-125® s i n t .
Two c r y s t a l l i s a t io n s  o f  f r a c t io n  B from eth an o l
/r a is e d  th e
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r a ise d  th e  m eltin g  p o in t  to  1 0 ? -1 0 5 ^ , s i n t .  99® . An 
e th a n o lic  s o lu t io n  o f  t h i s  m a ter ia l vfas tr e a te d  w ith  th e  
eq u iv a len t q u a n tity  o f  p ic r ic  a c id , when a b lack  c r y s t a l l in e  
p ic r a te  separated  o u t, m .p. 16 6 -1 6 8 ® . T h is was not very  
so lu b le  even in  b o i l in g  e th a n o l, but d ig e s t io n  in  t h i s  b o i l in g  
so lv e n t  r a ise d  th e  m eltin g  p o in t to  171-172® . A s o lu t io n  o f  
t h i s  p ic r a te  in  e th e r , in  vAiich i t  i s  very  s o lu b le ,  was shaken 
w ith  sev era l p o r tio n s  o f  10% aqueous NaDH u n t i l  th e  aqueous 
la y e r  was on ly  v ery  p a le  y e llo w . The d ried  e th er  so lu t io n  
y ie ld e d  a p a le  red c r y s t a l l in e  s o l id  v/hich separated from 
eth an o l as c o lo u r le s s  n eed le s  m .p. 131-133® . T his m a te r ia l,  
S-m ethQ X V -1.2. 3 .4-tetrgüivdrQ carbazole^ was sublimed a t 130® / 
10*^ mm., and c r y s t a l l i s e d  from eth an o l to  a con stan t m eltin g  
p o in t o f  1 3 2 -1 3 3 0 , s i n t .  131© . (Found; C, 7 6 .9 6 ,7 7 ^
H, 7 .1 ,7 7 f ;  N , 7 .2 ,  6 7 .  req u ires  C, 77.65 H ,7.465
N , 7.0% .)
A m ixture o f  equal q u a n t it ie s  o f  pure 5 - and 7 -  
raethoxy tetrah ydrocarb azo le s m elted  a t  98-102® w ith  p rev iou s  
s in t e r in g .
. a so lu t io n  o f  
th e  tetrah ydro compound m .p. 149-150® (3 .1  g .)  in  60% HgSO^
(60 c . c . )  was reduced e l e c t r o l y t i c a l l y  between lea d  e le c tr o n s  
fo r  6 j  hours a t 25® w ith  a cu rren t o f  .03  anç»./sq .c m . The 
ca th o ly te  was d ilu te d  w ith  w ater (200 c . c . ) , and th e  r e s u lt in g
/ s l i g h t l y  cloudy
-  140 -
s l i g h t l y  c loud y s o lu t io n  w e ll  extrsu:ted  w ith  e th e r . T h is  
removed 43 mg. o f  p r a c t ic a l ly  pure s t a r t in g  m a te r ia l . 
B a s if ic a t io n  and e th e r  e x tr a c t io n  o f  th e  a c id  s o lu t io n  y ie ld e d  
the hexahydro confound a s a c le a r  p a le  brown syrup (3 .0  g . ) , 
d i s t i l l i n g  as a c o lo u r le s s  syrup a t  197®/1 8  tmn. Strong  
c o o lin g  and sc r a tc h in g  r e s u lte d  in  c r y s t a l l i s a t i o n .  The waxy 
w hite s o l id  was v ery  so lu b le  in  a l l  s o lv e n t s ,  and had a m eltin g  
p o in t o f  30-33® , s i n t .  27®. I t  was c r y s t a l l i s e d  from l i g h t  
petroleum  (40-60®) a t about -10® to  -20®: se v e r a l such
c r y s t a l l i s a t io n s  y ie ld e d  th e  pure 7 -m eth o x y -l ,3 ,4 ,1 0 ,1 1 -  
hexahvdrocarbazole as c o lo u r le s s  n e e d le s  m .p. 37-38® , s i n t . 36®. 
(Found: C, 7 6 .9 ;  H, 8 .2 ;  N , 6 .7 .  ^±3^X7^^ r e q u ir e s
C, 7 6 .8 6 ;  H, 8 .3 6 ;  K, 6.9% .)
The p ic r a te  c r y s t a l l i s e d  w ith  d i f f i c u l t y  from a  
co n cen tra ted  m ethanolic s o lu t io n .  I t  i s  very  so lu b le  in  
a lc o h o l, a c e to n e , e th y l  a c e ta t e ,  and ch loroform ; i t  d is s o lv e s  
r e a d ily  in  hot b en zen e, but does not sep a ra te  out s a t i s f a c t o r i l y  
on c o o lin g ;  i t  se p a r a te s  from h o t aqueous a lc o h o l a s a syrup  
which c r y s t a l l i s e s  on seed in g  and s c r a tc h in g . Three 
c r y s t a l l i s a t io n s  from methanol gave th e  pure substance as  
y e llo w  p r ism s, m .p. 139-140® d e c . , s i n t .  130®. (Found:
C, 5 2 .7 5 ; H, 4 ,6 ;  N , 1 3 .1 .  Cl9^ ^ ^ 8^4 r e q u ir e s  C, 5 2 .7 5 ;
H, 4 ,6 5 ;  H, 12.96% .)
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9-Ace ty l-7 -m e thcxy^exahydrocs r h a z o le . A so lu t io n  o f  the hase  
(1 .5  g .)  ir  Ao^O (5 c . c . )  was heated fo r  2 h r s . a t 100^, a 
tr a c e  o f  added, and heated fo r  a fu r th er  2  h rs . The
very  dark so lu t io n  was poured on to  ic e ,  the whole nade 
a lk a lin e  w ith  arrronia, and the n eu tra l m a ter ia l is o la te d  as 
a hrovm syrup (1 .7 7  g .)  which d i s t i l l e d  at 150-170® (hath  
tem p .)/l0 " ^  mm. to  g iv e  a n ea r ly  c o lo u r le s s  product. Only 
a very  sm all proportion o f  t h i s  could be induced to  
c r y s t a l l i s e  (c o lo u r le s s  prisms m .p .141-142®, s in t  140®), the  
a n a ly s is  specimens were th ere fo re  prepared by high vacuum 
d i s t i l l a t i o n  (Found: 0 , 7 3 .2 , 73 ,15; H, 7 .6 ,  7 .7 ;  N, 7 .7 ,
5 .4 .  C g^Hj g^OgN req u ires  C, 73 .45 ; H, 7 .7 5 ; N, 5.7%).
O xidation o f n itr a te d  9-Aoetyl-7-methozyhe% ahydrooarbazo l e .
A so lu t io n  o f  the a c e ty l compound (1 .3 5  g .)  in  AcOH (5 c . c . )  
was slo w ly  added to  HI'JO^  d 1 .4 2  (2 .1  c . c . )  in  AcOü-ACgOdO c c .)  
at -5®, the m ixture allow ed to  stand at -5® to  0® fo r  one 
hour, poured on to  i c e ,  and the whole made a lk a lin e  w ith  
ammonia. The amorphous brown product (1 .6  g .)  was suspended 
in  w ater (200 c . c . )  and slow ly  tr e a te d , w ith  s t i r r in g ,  w ith  
2% ag. KliûiO^  (18 oxygens) over two hours, the temperature 
b ein g  grad u ally  ra ised  from 70® to  100®. A fter  a fu rth er  
hour a t 100®, 1 1 .5  oxygens had been used up (w eight o f  ig n ited  
l&iOg was 3 .6  g . ) .  The aqueous so lu t io n  was a c id i f ie d ,  trea ted  
w ith  So^ to  reduce the ex cess  l^ nO^  » ex tracted  w ith  two
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150 c .em p o rtio n s  o f  e th e r  ( e x tr a c t  A ). The aqueous la y e r  was 
co n cen tra ted  to  sm a ll b u lk  in  vacuo^ and a g a in  th o ro u g h ly  
e x tr a c te d  w ith  e th e r  ( e x t r a c t  B ) . The e th e r  e x tr a c te d  
aqueous la y e r  was n e u tr a l is e d  w ith  ammonia and b o ile d  to  
d ryn ess in  v a cu o . A c é ty la t io n  o f  th e  e th a n o l s o lu b le  p o r tio n  
o f  th e  r e s id u e  y ie ld e d  a brown syrup ( .2 2  g . )  w hich f a i l e d  to  
c r y s t a l l i s e .
E x tr a c t  A was d iv id e d  in to  a c id ic  and non a c id ic  
f r a c t io n s .  The form er ( .1 6 7  g . ) ,  a c r y s t a l l i n e  p a s t e ,  was 
tr e a te d  w ith  a l i t t l e  e t h e r ,  th e  u n d isso lv e d  p a le  y e l lo w  s o l id  
m .p .220-223® s i n t  210® f i l t e r e d  o f f  (32 m g.) and p u r if ie d  by  
su b lim a tio n  and two c r y s t a l l i s a t i o n s  from  HgO-MegCO: th e
a c id  now had a m .p. o f  229-233® u nd ep ressed  by n itr a te d  2 -  
a o eta m in o -4 -m e th o x y a n th ra n ilic  a c id  m .p .229 -234^ .
The non a c id ic  f r a c t io n  ( .1 3 0  g . ) ,  a ls o  a c r y s t a l l in e  
p a s t e ,  c r y s t a l l i s e d  from e th a n o l to  y ie ld  sm a ll u n tid y  
r e c ta n g u la r  y e llo w  p la t e s  m .p .1 7 3 -1 7 4 ° s i n t . 172® (50 m g .,
S o lid  A ).
E x tra c t  B y ie ld e d  about 10 mg. o f  impure s o l id  A 
a s  a n e u tr a l f r a c t io n ,  and an a c id ic  f r a c t io n  c o n s is t in g  o f  a 
bro7/n c r y s t a l l i n e  p a s te  ( .2 2  g . )  w hich gave a brown s o l id  
m .p .135-145® s i n t . (83 mg.) on w ashing w ith  a l i t t l e  e th e r :  
c r y s t a l l i s a t i o n  from hot w ater  r a is e d  th e  m .p. to  145-148® , 
undepressed  by a d ip ic  a c id  m .p .146-3 50®.
— 14:i5”*
O xid ation  o f  6 -n itro -7 -iR eth o x y -9  (3* 5 * -d in itr o b e n z o y l)  
neiahydrooarba z o le .
7-Methoxyliexahyd ro ca rb a zo le  ( 1 .1  g . ) and 3 ,5 -  
d in itr o b e n z o y l c h lo r id e  (1 .3  g . )  rea cted  exo th erm ally  in  
p y r id in e  to  y ie ld  th e  su b s t itu te d  b en zoyl d e r iv a t iv e  as a 
deep red r e s in  (2 .1 3  g . ) .  An ACgO s o lu t io n  o f  t h i s  m a te r ia l  
was tr ea ted  w ith  HNO^  d 1 .4 2  ( 2 .1  c . c . )  in  AcgO a t  -10® over  
a period  o f  10 m in s ., th e n , a f t e r  30 m ins. a t  -5® to  - 2 ° ,  th e  
m ixture was poured on to  i c e .  The n e u tr a l product (2 .3 1  g .)  
c r y s t a l l i s e d  from CO-E tOH as y e llo w  ir r e g u la r  p l a t e l e t s
m .p .218-220° d e c . (1 .1 4  g . ) .  Three fu r th e r  c r y s t a l l i s a t i o n s  
y ie ld e d  th e  pure 6-n itr o -7 -m e th o x y -9 ( 5 ^ .- 5 *-d in itr o b e n z o y l) 
h exah yd rocarb azo le . m .p .2 2 2 -2 2 3 °d ec . (Found: G, 5 3 .8 ;
H, 4 .1 5 ;  N, 1 2 .5 .  OggE^gOgN^ r e q u ir e s  C, 5 4 .3 ;  H, 4 .0 5 ;
N, 1 2 .6 5 ^ ) .
A su sp en sio n  o f  th e  pure n itr o  compound (1 .0  g .)  
in  b o i l in g  w ater (200 c . c . )  c o n ta in in g  MgS0^.7Hg0 (2 g .)  was 
tr e a te d  w ith  2^ ag . Klîn0^(18 oxygens) over 1 .5  h r . : o x id a tio n
was com plete a f t e r  a fu r th e r  30 m ins. b o i l in g .  E x tr a c tio n  
o f  th e  },hgO w ith  aceton e y ie ld e d  .3 2  g .  o f  s t a r t in g  m a te r ia l .
The m a te r ia l removed by thorough e th e r  e x tr a c t io n  o f  the  
a c id i f ie d  o x id a t io n  s o lu t io n  was d iv id ed  in to  a c id ic  and non 
a c id ic  f r a c t io n s :  th e  form er, a brown c r y s t a l l in e  p a s te  ( .1 5 3 g .]
was washed w ith  e th e r , when an acid  in  th e  form o f  sm all 
y e llo w  prism s m .p .253-255® d e c . , s in t  235® (31 mg.) was
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obtained*
8-M etb O T V -l,2 .3 ,4 -tetrah yd rooarb azo le*  A v ery  poor y ie ld  
o f  th e  d e s ir ed  compound was ob ta in ed  by trea tm en t o f  c y c le :  
:hexanone o-iaethoxyphenylhydrazone w ith  a lc o h o l ic  EGl; th e  
b e s t  r e s u l t  was ob ta in ed  w ith  g l a c i a l  a c e t i c  acid*
A s o lu t io n  o f  th e  syrupy cyelohexanone o-m ethoxy:
: phenylhydrazone (from  4*5 g .  o f  o-m ethoxyphenylhydrazine and 
3 .5  g ,  o f  cyelohexanone) in  g la c i a l  AoOH (S5 c . c . ) was brought 
to  th e  b o i l ,  when an. exotherm ic r e a c t io n  s e t  in ,  th e  s o lu t io n  
becoming v ery  dark . ?/hen th e  r e a c t io n  had su b s id ed , the  
AcOH was b o ile d  o f f  a t  atm ospheric p ressu re  and th e  r e s id u e  
d i s t i l l e d  in  vacuo* An e th a n o l s o lu t io n  o f  th e  f r a c t io n  
coming over at 190-205^ /15  ram* (3*96 g . ) was tr e a te d  w ith  
p ic r ic  a c id  (4 .5  g . )  In a lc o h o l ,  and th e  p ic r a te  c o l le c t e d  
in  two c r o p s , th e  f i r s t  m *p*141-144^deo., s i n t *140°, (4*0 g*) 
and th e  second m *p *139-142°dec., s i n t *136°, (2*2 g .  ) * 44t^
y ie ld  * Pure 8 -m e th o x y -l. 2 ,3 « 4 -t3 tra h y d ro o a rb a zo le  p ic r a te  
c r y s t a l l i s e s  from a lc o h o l as p u r p lish  b la ck  n e e d le s  m*p* 
1 4 5 -1 4 6 °d e c ., s in t  143° (Found: 0 , 53*45; H, 4*2; N, 12*8* 
^19^8^8^4 ^®9u ir e s  C, 53*0; H, 4 .2 ;  N, 13*0%). T his p ic r a te  
was decomposed between e th er  and aqueous NaOH, when th e  f r e e  
8-m eth oxytetrah yd rocarb azo le  was ob ta in ed  as a p a le  brown 
syrup which could n ot be induced to  c r y s t a l l i s e .
-145-
S»llethoxyhexahyd ro ca rb a zo le  « 8-Iv^thoxytetrahyclrocarbazole
(4 .2  g . )  d is s o lv e d  in  a m ixture o f  g l a c i a l  a c e t ic  a c id  (20 c . c . )  
and 50% ag.H^SO^ (50 c . c . )  was reduced e l e c t r o l y t i c  a l l y  a t  
a lead  cathode ( .0 5  am p./sq .cm . a t 20® fo r  9 h r s . ) .  The 
re d u ctio n  was in co m p lete , fo r  about 20% o f  th e  s t a r t in g  
m a te r ia l was re co v e red . The 80% o f  reduced m a te r ia l was 
is o la te d  as a b a s ic  syrup b .p .1 1 9 ° / .8  mm. which d id  n ot  
c r y s t a l l i s e  but w hich formed a c r y s t a l l in e  p ic r a te  : pure
8-m ethoxyhexahyd rocarb azo le  p ic r a te  se p a r a te s  from MeOH as 
s to u t  y e llo w  prism s m .p .l5 2 -1 5 3 ° d e c ., dark, and s i n t . 149°
(Found: C, 5 3 .5 ; H, 5 .1 5 ;  N, 1 3 .0 .  C^qHç^qOqN  ^ r e q u ir e s  
C, 5 2 .7 5 ; H, 4 .6 5 ;  N, 12.95% ).
A s o lu t io n  o f  8-m ethoxyhexahydrocarbazole (1 .1 1  g . , 
recovered from pure p ic r a te  then  d i s t i l l e d )  5ji AcgO (5 c . c . )  
co n ta in in g  a tr a c e  o f  H^SO  ^ was re flu x e d  fo r  10 m in s .,  o n ly  
very  s l i g h t  darkening o cc u r r in g . A fter  h y d r o ly s is  o f  th e  
AcgO, th e n e u tr a l f r a c t io n  was i s o la te d  as a p a le  y e llo w  gum 
(1 .2 8  g . )  The pure specim en o f  9 -a c e ty l-8 -m e th ox r^hexahydro: 
rcarb azp le was ob ta in ed  as a c o lo u r le s s  syrup a f t e r  s e v e r a l  
sh o rt path d i s t i l l a t i o n s  a t  100-110® (bath  tem p.)/lO ~^  ram.
(Found: C, 7 3 .1 5 ;  H, 7 .8 5 .  r e q u ir e s  C, 7 3 .4 5 ;
H, 7.75% ). T h is compound e v e n tu a lly  c r y s t a l l i s e d  In la r g e  
ta b u la r  c r y s t a ls  m .p .49-52® , s i n t . 45®, v ery  s o lu b le  in  most 
organ ic  s o lv e n t s .  A s o lu t io n  in  an e t h y la c e t a t e - l ig h t  
petroleum  m ixture d ep o sited  an o f f  w h ite  c r y s t a l l in e  powder 
m .p .1 3 7 -1 4 0 ° , 8 i n t . 7 0 ° .
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8 - %;^ïro]cyheiahydr o c a r b a z o le . T his was ob ta ined  by th e  
h y d r o ly s is  o f  th e  ebove a c e ty l  compound by r e f lu x in g  w ith
HI d 1 .7  fo r  1 .5  h r . The compound i s  v ery  s o lu b le  in  b en zen e,
but c r y s t a l l i s e s  from b e n z e n e - lig h t  petroleum  as a cream
o
coloured  c r y s t a l l in e  powder m .p .143-145  •
9-M ethyl-8-m ethoxyhexahydrocarbazole m eth io d id e . A s o lu t io n  
Of 8-m ethoxyheyahydrocarbazole { .2 9  g . )  in  M e l  (2 c . c . )  to  
w hich 20$ aqueous Na^CO^(l c . c . )  had been added was allow ed  
to  stand w ith  o c c a s io n a l shaking a t  room tem perature fo r  two 
d a y s, a t  th e  end o f  w hich th e  aqueous la y e r  was s t i l l  s tr o n g ly  
a lk a l in e .  The w hole was then  th o ro u g h ly  e x tr a c te d  w ith  CHCl^. 
The d r ie d  e x tr a c ts  y ie ld e d  a w h ite  powder (#47 g . ,92$) which  
sep arated  from e th a n o l as c o lo u r le s s  prism s m .p .l7 2 -1 7 3 °d e c .
N itr a t io n  o f  2 -A o etemino-4-m ethoxyb en zcic  a c id . 4~Methoxy:
: anthrani l ic  acid  r e a c t s  w ith  Ao^O a t  100^ to  y ie ld  a product 
c r y s t a l l i s i n g  as c o lo u r le s s  n e e d le s  m .p .123®, s in t  1 2 0 ° , w hich  
wo8 con verted  by w ater a t  100® to  2 -aoetem ino-4-m ethoxybenzoic  
acid* The l a t t e r  compound was c r y s t a l l i s e d  from e th a n o l,  
when i t  had a m .p. o f  1 9 8 -1 9 9 °( l i t . 199® ).
A s o lu t io n  o f  t h i s  compound ( .5 6  g . )  in  ACgO(4 c . c . )  
was tr e a te d  w ith  a m ixture o f  HNO^  d 1 .4 2  (1 c . c . )  and AcgO 
(1 c . c . )  a t  -5® . A fte r  sta n d in g  a t  0® fo r  one hour, th e  red  
s o lu t io n  was poured on to  i c e ,  and one hour la t e r  th e  p r e c ip i:
: ta te d  s o l id  was f i l t e r e d  o f f  ( .3 8  g . ) .  T his product had a
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m .p .o f  175-167^ 8I n t . , r a is e d  by trea tm en t w ith  w ater a t 100° 
t o  1 8 0 -1 9 4 ° s i n t .  C r y s t a l l i s a t io n  from e th a n o l y ie ld e d  a 
f i r s t  crop  m .p .1 8 9 -1 9 4 ° s i n t . ,  undepressed  by s t a r t in g  
m a te r ia l ,  and a sm a ll second crop  m .p .215-220^8I n t . , r a is e d  
by one fu r th e r  c r y s t a l l i s a t i o n  to  2 2 9 -2 8 4 ° .
3 .5 .3 * .5 * -T e tr a n ltr o b e n z o ic a n h y d r id e . A s o lu t io n  o f  3 ,5 -  
d in  itr o b  enzo ic  a c id  (9 g . )  in  e x c e s s  Ao^O was r e f lu x e d  fo r  
th r e e  h o u rs, th e  AcgO th en  removed in  vacu o , and th e  r e s id u e  
g r a d u a lly  heated  to  160° a t  20 mm. The product c r y s t a l l i s e d  
from  d ioxan  as dun co lou red  prism s m .p .2 2 2 -2 2 6 ° , s i n t . 2 1 2 ° ,
(7 g . ) .  S ev era l c r y s t a l l i s a t i o n s  from th e  same s o lv e n t  
y ie ld e d  th e  pure product m .p .2 2 6 -2 2 7 ° (Found: 0 , 4 1 .8 ;
H, 1 .5 ;  N, 1 3 .5 .  r e q u ir e s  C, 4 1 .4 ;  H, 1 .5 ;
K, 13.896).
Attem pted prepar a t io n  o f  th e  3 . 5 -d in itr o b e n z o y l d e r iv a t iv e  
Of 4-me th ox y a n th ra n ilT c  a c id .
a) P y r id in e  s o lu t io n s  o*^  th e  ant bran i l  ic  a c id  ( .8  g . )  and o f  
3 , 5-d in itr o b e n z o y l c h lo r id e  ( 1 .2  g .  ) were m ixed, when an exo:
: therm ic r e a c t io n  s e t  in  and th e  s o lu t io n  became deep r e d .  
A fte r  15 m ins.*  h e a tin g  on th e  steam  bath  th e  s o lu t io n  was 
poured in to  e x c e s s  d i lu t e  and th e  orange s o l id  w hich
sep arated  out f i l t e r e d  o f f  (1 .6 7  g .  ) .  T îiis was found to  be 
a m ixture o f  an a lc o h o l s o lu b le  compound c r y s t a l l i s i n g  as 
orange red prism s m .p *17S -179°b u b b l.( .4 6  g . ,s u b s t .A )  and o f
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an a lc o h o l  in s o lu b le  compourd ( .6 5  g . )  w hich  c r y s t a l l i s e d  from  
g l a c i a l  a c e t i c  a c id  as lon g  s le n d e r  c o lo u r le s s  n e e d le s  m .p . 
2 2 9 ^  ( s u b s t .B jr
S u b stan ce â was found to  be 4-m ethoxyanti" iran ilic  
a c id  3 ,5 - d in i t r o b e n z o a t e .  The n e u tr a l  su b sta n ce  B was 
h y d ro ly sed  by 1%  KOH a t  100° to  su b sta n ce  A; th e  pure 
compound m elted  a t 228-229^  (Found: C, 5 0 .4 ;  H, 3 .1 5 ;  
h , 1 0 .7 .  C^^BgO^N  ^ r e q u ir e s  0 ,5 2 .5 ;  H, 2 .6 ;  i l ,1 2 .2 5 .
" i S ^ l V s  C, 4 9 .8 5 ;  H, 3 .0 5 ;  B, 1 1 .6 # ) .
b) H eatin g  th e  s a l t  4-m ethoxyanthran  i l lo  a c id  3 ,5 - d in i t r o :
:b en zo a te  to  180® r e s u lt e d  in  th e  e v o lu t io n  o f  a vapour and 
e x te n s iv e  d eco m p o sitio n  to  a b la c k  m elt from  w hich o n ly  3 , 5 -  
d in itr o b e n z o ic  a c id  cou ld  be i s o l a t e d .
2 -A cetam ino»3-m eth oxybenzolc a c id . C a ta ly t ic  h y d ro g en a tio n  
o f  2 -n itr o -3 -m e th o x y b e n z o ic  a c id  (1 .8 8  g . ) in  e th a n o l in  th e  
p resen ce  o f  10# Pd/C ( . 5  g . )  r e s u lt e d  in  th e  rap id  uptake o f  
tn e  c a lc u la te d  q u a n tity  o f  hydi*ogen to  y ie ld  pure 3-m ethoxy: 
la n t h r a n i l i c  a c id  m .p . 1 6 9 .5 -1 7 0 .5 ® s i n t . 168° ( l i t . 1 6 9 -1 7 0 °)  
in  8 8 .5 #  y i e ld  (1 .3 9  g . )
A s o lu t io n  o f  3-m ethoxyanthran  i l i c  a c id  (1 .2 9  g . )  
in  ACg0(4 c . c . )  was b rou ght to  th e  b o i l  and a llow ed  to  stand  
o v e r n ig h t . The s o lu t io n  was poured in to  w ater (40 c . c . )  and 
th e  m ixtu re w e l l  shaken to  h y d ro ly se  th e  AcgO. The a c e t y l  
d e r iv a t iv e  w hich had c r y s t a l l i s e d  ou t as s to u t  c o lo u r le s s  
prism s had a m .p. o f  1 9 3 -1 9 4 .5 ° ( 1 .31 g . , 8 0 # ) .
- 1 4 9 «
AttoTipted n i t r a t io n  o f  g-^acetam lno-S-m ethoxybenzolc a c id *
a) N itro u s a c id  f r e e  HNO^  d 1 .4 2  (3 c . c . )  was s lo w ly  added
to  a s o lu t io n  o f  th e  a c e ty l  compound ( .6 1  g . )  in  g l a c i a l  AcOH 
(c o n ta in in g  u rea) a t  40-45® . A fte r  sta n d in g  a t  45-50® fo r  
30 m in s .,  th e  s o lu t io n  was poured on to  i c e .  The m a te r ia l  
w hich  c r y s t a l l i s e d  ou t was found to  be p r a c t i c a l ly  pure 
s t a r t in g  m a te r ia l ( .4 6  g . , 75^ r e c o v e r y ) .
b) A s o lu t io n  o f  th e  a c e ty l  compound ( .4 6  g . )  in  HNO^  d 1 .4 2  
(3  c . c . )  was heated  a t 50-55^ fo r  30 m ins. Working up as  
ab ove, 72^ o f  th e  s t a r t in g  m a te r ia l was re co v e red .
c) R e p e t it io n  o f  th e  above experim ent a t 80^ , and pouring th e  
co o led  r e a c t io n  m ixture on to  ic e  f a i l e d  to  y i e l d  c r y s t a l l in e  
m a te r ia l .
d) The a c e ty l  compound (65 m g .) , AcOH(*3 c . c . ) ,  and HNOg
d 1 .4 2  c o n ta in in g  n itr o u s  a c id  ( .5  c . c . )  were h eated  to g e th e r  
a t  60® fo r  3 m in s. Working up as in  experim ent a) y ie ld e d  
50$ o f  s ta n t in g  m a te r ia l .
e) The a c e t y l  compound (100 mg.) was added to  HNO^ d 1 .5
(1  c . c . )  a t room tem p eratu re. There was a s l i g h t  e v o lu t io n  
o f  h ea t and th e  s o lu t io n  became v er y  dark. A fte r  15 m ins. 
a t  30®, th e  r e a c t io n  m ixture was poured on to  ic e  when a 
v er y  sm a ll q u a n tity  o f  an orange co lou red  amorphous s o l id  
sep a ra ted  o u t .
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